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EXECUTIVE  SUMMARY 


This  report  presents  the  results  of  a  corrective  action  study  performed  by  Parsons 
Engineering  Science,  Inc.  (Parsons  ES)  at  the  Petroleum,  Oil,  and  Lubricants  (POL)  Bulk 
Fuel  Storage  Area,  Myrtle  Beach  Air  Force  Base,  South  Carolina  to  evaluate  the  use  of 
intrinsic  remediation  with  long-term  monitoring  (LTM)  as  a  remedial  option  for  dissolved 
benzene,  toluene,  ethylbenzene,  and  xylene  (BTEX)  contamination  in  the  shallow 
groundwater.  The  report  was  produced  following  the  guidance  provided  in  the  “Technical 
Protocol  for  Implementing  Intrinsic  Remediation  with  Long-Term  Monitoring  for  Natural 
Attenuation  of  Fuel  Contamination  Dissolved  in  Groundwater.”  In  addition  to  dissolved 
BTEX  in  the  groundwater,  both  mobile  and  residual  light  nonaqueous-phase  liquid 
(LNAPL)  is  present  within  the  soil  and  at  the  water  table.  This  study  focused  on  the 
impact  of  LNAPL  and  dissolved  BTEX  on  the  shallow  groundwater  system  at  the  site.  Site 
history  and  the  results  of  soil  and  groundwater  investigations  conducted  previously  are  also 
summarized  in  this  report. 

Comparison  of  BTEX,  electron  acceptor,  and  biodegradation  byproduct  isopleth  maps 
for  the  POL  provides  strong  qualitative  evidence  of  biodegradation  of  BTEX  compounds. 
Geochemical  data  strongly  suggest  that  biodegradation  of  fuel  hydrocarbons  is  occurring  at 
the  site  via  the  anaerobic  processes  of  iron  reduction,  sulfate  reduction,  and 
methanogenesis.  Patterns  observed  in  the  distribution  of  hydrocarbons,  electron  acceptors, 
and  biodegradation  byproducts  further  indicate  that  biodegradation  is  reducing  dissolved 
BTEX  concentrations  in  site  groundwater. 

An  important  component  of  this  study  was  an  assessment  of  the  potential  for 
contamination  in  groundwater  to  migrate  from  the  source  areas  to  potential  receptors.  In 
particular,  this  component  focused  on  the  contaminant  mass  loading  resulting  from  the 
discharge  of  BTEX-contaminated  groundwater  into  the  drainage  ditch  south  of  the  POL. 
To  help  estimate  mass  loading  rates,  the  Bioplume  II  numerical  model  was  used  to  estimate 
the  rate  and  direction  of  dissolved  BTEX  movement  through  the  shallow  groundwater 
under  the  influence  of  advection,  dispersion,  sorption,  and  biodegradation.  Input 
parameters  for  the  Bioplume  II  model  was  obtained  from  available  site  characterization 
data,  supplemented  with  data  collected  by  Parsons  ES.  Model  parameters  that  were  not 
measured  at  the  site  were  estimated  using  reasonable  literature  values. 


The  results  of  this  demonstration  suggest  that  intrinsic  remediation  of  BTEX  compounds 
is  occurring  at  the  POL  site;  however,  it  is  believed  that  without  engineered  source 
reduction,  intrinsic  remediation  may  be  insufficient  to  ensure  protection  of  human  health 
and  the  environment.  This  is  due  to  the  plume  of  mobile  and  residual  LNAPL  present  in 
the  subsurface,  and  to  the  proximity  of  the  ditch  along  Phyliss  Drive,  which  is  acting  as  an 
exposure  point  for  groundwater  contaminants  discharging  into  surface  water.  The  Air 
Force  therefore  recommends  that  an  engineered  source  removal  technology,  such  as 
bioslurping,  be  implemented  in  conjunction  with  intrinsic  remediation,  LTM,  and 
institutional  controls.  Bioplume  II  modeling  results  suggest  that  such  a  system  could 
rapidly  reduce  maximum  contaminant  concentrations  in  the  source  area,  followed  shortly 
thereafter  by  significant  reductions  in  BTEX  mass  loading  on  the  ditch  south  of  the  POL. 
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Institutional  controls  such  as  restrictions  on  shallow  groundwater  use,  access  to  the  POL, 
and  access  to  the  impacted  segment  of  the  ditch  in  the  area  where  contaminated 
groundwater  discharges  would  prevent  completion  of  pathways  while  site  remediation  was 
in  progress. 

To  verify  the  Bioplume  II  model  predictions,  and  to  ensure  that  the  selected 
technologies  are  meeting  objectives,  the  Air  Force  recommends  using  18  LTM  wells  to 
monitor  the  long-term  migration  and  degradation  of  the  dissolved  BTEX  plume.  In 
addition,  eight  surface  water  stations  should  be  monitored  along  the  drainage  ditches  north 
and  south  of  the  POL  to  assess  the  impact  of  groundwater  discharging  into  the  surface 
water.  In  conjunction  with  engineered  source  removal,  these  locations  should  be  sampled 
annually  for  20  years,  with  the  need  for  additional  sampling  and  the  appropriate  sampling 
interval  reevaluated  at  that  time.  In  addition  to  analyses  used  to  verify  the  effectiveness  of 
intrinsic  remediation,  the  groundwater  samples  should  be  analyzed  for  BTEX  compounds 
by  US  Environmental  Protection  Agency  (USEPA)  Method  SW8020.  If  data  collected 
under  the  LTM  program  indicate  that  the  implemented  remedial  alternative  is  not  sufficient 
to  reduce  BTEX  concentrations  at  the  drainage  ditch  south  of  the  POL  to  levels  considered 
protective  of  human  health  and  the  environment,  additional  engineered  controls  to  augment 
the  beneficial  effects  of  intrinsic  remediation  and  the  implemented  engineered  remediation 
systems  would  be  necessary. 
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SECTION  1 


INTRODUCTION 


DreIentSS0lXnPfepared  ParS°nS  Engineering  Science,  Inc.  (Parsons  ES)  and 
S  of  af  correctlv,e  actl0n  study  (CAS)  conducted  to  evaluate  the  use  of 
hvi  K  1f°l  0r  remediation  of  groundwater  contaminated  by  petroleum 
hydrocarbons  at  installation  Restoration  Program  (IRP)  Site  SS-03,  the  Petroleum,  Oil 

tAFrn  il'M  H  U  R  Strgce  A[ea  (P0L)’  at  the  former  Myrtle  Beach  Air  Force  Base 
(  B)  m  Myrtle  Beach,  South  Carolina.  As  used  throughout  this  report  the  term 

mSismsT^mrol  &  ™anagement  strategy  that  relies  on  natural’ attenuation 

/r,ure  °f  recePtors  t0  concentrations  of  contaminants  in  the 

envirnimpnfh  eves  mtended  t0  be  Protective  of  human  health  and  the 

environment.  Natural  attenuation”  refers  to  the  actual  processes  (e.g.  sorption 

ispersion,  and  biodegradation)  that  facilitate  intrinsic  remediation. 

alternation  “  innovative  remedial  approach  that  relies  on  natural 

2*2,^  contaminants  dtssoived  in  groundwater.  Mechanisms  for 
natural  attenuation  of  benzene,  toluene,  ethylbenzene,  and  xylene  (BTEX)  include 

wXiionSPeoft;  dUUti0n  fl0m  “*“*•  ^  volaSn  td 

ti^nsfo™  con.; m0f  f  processes-  biodegradation  is  the  only  mechanism  working  to 
whcnfmaio  a  tS  ,mo  innocuous  byproducts.  Intrinsic  bioremediation  occurs 
“fT  ™cr°?r8afmsms  ,work  b>  bring  about  a  reduction  in  the  total  mass  of 
conammaaon  in  the  subsurface  without  the  addition  of  nutrients.  Patterns  and  rates  of 

phyS  astral  ^  «  kerning 


I?1:. main  ^Phasis  of  the  work  described  herein  was  to  evaluate  the  potential  for 
y  occurring  degradation  mechanisms  to  reduce  dissolved  BTEX  concentrations 

smdv°  is nTta^'m If  are  protective  of  human  heallh  “<l  the  environment.  This 
yri-  S1/n°t  nte  ded  ,t0  be  a  contaminant  assessment  report,  feasibility  studv  or  a 

contra^nrCMreCtlVf  aCtl°n  P^n;  rather’  k  is  Provided  for  use  bY  the  Base^nd  its ’prime 
contractor(s)  as  information  for  future  decision  making  regarding  this  site.  P 

1.1  SCOPE  AND  OBJECTIVES 

ProPS"n  ASeenncv“mcFPAn.WMh ,rcsearchtle."  from  United  States  Environmental 
fNRMRl  i  Cnhf  ?  (,VS  PA)  National  Risk  Management  Research  Laboratory 

Eto  I  “r^e,Prrr  and  Remediatio"  division,  was  retained  by  the  UnitS 
Mates  Air  Force  Center  for  Environmental  Excellence  (AFCEE)  Technology  Transfer 

scientific  defensibiHtv^of  characterizati®n  and  groundwater  modeling  to  evaluate  the 
“  of  intrinsic  remediation  with  long-term  monitoring  (LTM)  as  a 

pt  f?r  contaminated  groundwater  at  the  POL.  Performance  of  numerous 
tasks  was  required  in  order  to  fulfill  the  project  objective.  These  tasks  included* 
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•  Reviewing  existing  hydrogeologic  and  soil  and  groundwater  quality  data  for  the 


Conducting  supplemental  site  characterization  activities  to  determine  the  nature 
and  extent  of  soil  and  groundwater  contamination; 


•  Collecting  geochemical  data  in  support  of  intrinsic  remediation; 


Developing  a  conceptual  hydrogeologic  model  of  the  shallow 
including  the  current  distribution  of  contaminants; 


saturated  zone, 


Evaluating  site-specific  data  to  determine  whether  naturally  occurring  processes 
of  contaminant  attenuation  and  destruction  are  occurring  in  groundmterTthe 


*  ccmdfdons;  the  BioPlume  D  model  for  site  hydrogeologic 

fnfb^nrpVf16  ^  tn^sport  of  fuel  hydrocarbons  in  groundwater  under  the 
Bioplume  Hmode^  ’  dlSperS10n>  adsorPtion,  and  biodegradation  using  the 

range  °f  m0dd  input  Parameters  to  determine  the  sensitivity  of  the 
scenarios ;^°Se  ParameterS  and  t0  consider  several  contaminant  fate  and  transport 

*  0CCurring  Presses  are  sufficient  to  eliminate  discharge 
exDansi  ™  nd?  gr°undwater  to  surface  water  and  to  minimize  BTEX  plume 

^  “S  ^  be  *  a  downgradient 

receptors^  ”  eXp0SUre  Pathways  analysis  for  potential  current  and  future 


*  Shnobglsr^  aCti0"  °bJeCtiVeS  (RA°S)  and  reVi6Wing  aVailable  remedial 

hUri thC  rCSUltS  °Lm°deling  to  recommend  the  most  appropriate  remedial  option 
based  on  specific  effectiveness,  implementability,  and  cost  criteria;  and  ? 

Providing  a  LTM  plan  that  includes  LTM  and  POC  wells  and  surface  water 
locations  and  a  sampling  and  analysis  plan  (SAP). 

penttrometerteSw°?CPT^  in.Support  ofuintrinsic  remediation  included  cone 
lautfer 1L / ?•  (CPT)  “  conJunction  with  laser-induced  fluorometry  (LIFV 

analysis'  surface  wLf^mn^ mea^urement>  soil  sample  collection  and 
y  .  ’  ,ace  water  sample  collection  and  analysis;  and  groundwater  samnle 

and  temporary  mSri^inS  m°ni,°rinE  We"S'  monit°™S  P™*5' 
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Site-specific  data  were  used  to  develop  a  fate  and  transport  model  for  the  site  using 
Bioplume  II  and  to  conduct  a  preliminary  exposure  pathways  analysis.  The  modeling 
effort  was  used  to  predict  the  future  extent  and  concentration  of  the  dissolved 
contaminant  plume  by  modeling  the  combined  effects  of  advection,  dispersion, 
sorption,  and  biodegradation.  Results  of  the  model  were  used  to  predict  future 
discharge  to  surface  water,  to  assess  the  potential  for  completion  of  other  exposure 
pathways  involving  groundwater,  and  to  identify  whether  intrinsic  remediation  with 
LTM  is  an  appropriate  and  defensible  remedial  option  for  contaminated  groundwater. 
The  results  will  be  used  to  provide  technical  support  for  the  intrinsic  remediation  with 
LTM  remedial  option  during  regulatory  negotiations,  as  appropriate. 

Alternate  remedial  options  were  considered  to  identify  the  major  advantages  and 
disadvantages  associated  with  different  groundwater  remedial  strategies.  These  options 
included  free  product  removal,  groundwater  intercept  at  the  edge  of  a  drainage  ditch 
located  downgradient  from  the  POL,  and  groundwater  pump  and  treat  coupled  with 
natural  contaminant  attenuation  and  LTM.  Hydrogeologic  and  groundwater  chemical 
data  necessary  to  evaluate  these  remedial  options  were  either  collected  under  this 
program  or  were  available  from  the  previous  investigation  of  this  site,  from 
investigations  at  other  Myrtle  Beach  sites  with  similar  characteristics,  or  from  the 
technical  literature.  Field  work  conducted  under  this  program,  however,  was  oriented 
toward  the  collection  of  hydrogeologic  data  to  be  used  as  input  into  the  Bioplume  II 
groundwater  model  in  support  of  intrinsic  remediation  with  LTM  for  restoration  of 
fuel-hydrocarbon-contaminated  groundwater. 

This  CAS  contains  nine  sections,  including  this  introduction,  and  five  appendices. 
Section  2  summarizes  site  characterization  activities.  Section  3  summarizes  the 
physical  characteristics  of  the  study  area.  Section  4  describes  the  nature  and  extent  of 
soi  and  groundwater  contamination  and  the  geochemistry  of  soil  and  groundwater  at 
the  site.  Section  5  describes  the  Bioplume  II  model  and  design  of  the  conceptual  model 
or  the  site,  lists  model  assumptions  and  input  parameters;  and  describes  sensitivity 
analysis,  model  output,  and  the  results  of  the  Bioplume  II  modeling.  Section  6  presents 
a  comparative  analysis  of  remedial  alternatives.  Section  7  presents  the  LTM  plan  for 
t  e  site.  Section  8  presents  the  conclusions  of  this  work  and  provides  recommendations 
for  further  work  at  the  site.  Section  9  lists  the  references  used  to  develop  this 
document.  Appendix  A  contains  CPT  logs,  borehole  logs,  monitoring  point 
construction  diagrams,  and  slug  test  results.  Appendix  B  presents  soil  and  groundwater 
analytical  results.  Appendix  C  contains  model  input  parameters  and  calculations  related 
?  callbration-  .  Appendix  D  contains  Bioplume  II  model  input  and  output  in 
ASCII  format  on  a  diskette.  Appendix  E  contains  calculations  for  remedial  option 
design  and  costing. 

1.2  FACILITY  BACKGROUND 


TAhS  fofmer  Myrtle  Beach  AFB  is  located  in  Horry  County,  South  Carolina,  along 
the  Atlantic  coast.  The  former  base  occupies  an  area  of  approximately  3,793  acres  on  a 
strip  of  land  known  as  the  Grand  Strand  and  is  bordered  by  the  city  of  Myrtle  Beach  to 
the  east  and  south,  the  Intracoastal  Waterway  to  the  north,  and 
^  land  to  the  west  (Figure  1.1)  [Engineering-Science, 

c.  (ES),  1981;  US  Geological  Survey  (USGS),  1994],  The  runways  and  the  eastern 
side  of  the  base  have  been  converted  to  use  as  the  Myrtle  Beach  Municipal  Jetport. 


022/722450/MYRTLE/l  .DOC 


1-3 


o 


MARION  CO. 


HORRY 

VO, 

E3 

COUNTY  loris  \ 


lAYNOR 


WACCAtfAW 


&-S  N 


CONWAY 


NORTH 

MYRTLE  BEACH 


WILLIAMSBURG  CO. 


GEORGETOWN 


BUCKSPORT  V~~~; 

L  ^  J^YRTLE  | 
^  M BEACH  AFB' 


MYRTLE  BEACH 


©  ( 
PLANTERSVILLE 


^PKMURRELS  INLET 
Ibrookgreen  GARDENS 


COUNTY 


GEORGETOWN 


sV  \  WINY  AH 

?/  VflAY 


BERKELEY  CO. 


CHARLESTON  CO. 


/LITCHFIELD  BEACH 


3AWLEYS  ISLAND 


ATLANTIC  OCEAN 


6  10 


SCALE  IN  MILES 


FIGURE  1.1 


0 


Sources:  Law,  1993 


BASE  LOCATION 


POL  Bulk  Fuel  Storage  Area 
Intrinsic  Remediation  CAS 
Myrtle  Beach  AFB,  South  Carolina 


PARSONS 

ENGINEERING  SCIENCE,  INC. 


Denver,  Colorado 


1-4 


The  facilities  also  served  as  a  municipal  airport  prior  to  1940  and  from  1947  to  1954. 
The  Army  Air  Corps  incorporated  the  airport  into  the  national  defense  program  from 
1940  to  1947.  In  1954,  the  airport  was  donated  to  the  Air  Force.  Myrtle  Beach  AFB 
was  host  to  the  354th  Tactical  Fighter  Command  prior  to  closure  in  March  1993. 

The  POL  is  located  in  the  northwestern  quadrant  of  the  base,  west  of  Third  Street 
and  north  of  Phyliss  Drive.  A  westerly  flowing  drainage  ditch  parallels  the  north  side 
of  Phyliss  Drive  (Figure  1.2).  This  storage  area  was  used  to  supply  JP-4  fuel  to  the 
aircraft  on  the  flightline  via  tanker  trucks.  The  POL  site  is  approximately  850  feet  by 
500  feet  and  is  completely  surrounded  by  a  6-foot  chain-link  fence. 

Three  other  fuel  distribution  facilities  were  located  in  close  proximity  to  the  main 
POL  area  (Figure  1.2).  The  former  motor  pool  was  located  east  of  3rd  Street.  Former 
underground  storage  tanks  (USTs)  at  the  motor  pool  are  the  subject  of  a  risk-based 
remedial  investigation.  The  Myrtle  Beach  Pipeline  Corporation  operated  an 
aboveground  storage  tank  (AST)  to  the  west  of  the  POL  along  Phyliss  Drive.  A 
124,000-gallon  fuel  spill  occurred  at  this  location  in  1981.  Remedial  actions 
undertaken  at  the  AST  site  have  recovered  only  a  small  fraction  of  the  spilled  fuel 
[24,000  gallons  in  1981  (ES,  1981),  but  very  little  since  1981].  A  waste  fuels  storage 
facility  is  located  immediately  north  of  the  main  POL  along  3rd  Street. 

Fuels  have  not  been  stored  at  the  POL  since  base  closure;  however,  many 
components  of  the  former  storage  and  distribution  systems  remain  in  place 
(Figure  1.3).  The  former  fuel  transfer  area  of  the  POL  consists  of  a  divided  road 
running  most  of  the  length  of  the  northwestern  site  boundary.  Underground  fuel 
transfer  lines  connect  the  fuel  storage  areas  that  occupy  most  of  the  POL  southeast  of 
the  fueling  road  to  the  primary  pumphouse  (Building  522),  which  is  located  in  the 
fueling  road  median.  Additional  fuel  transfer  lines  carried  fuel  along  the  median  to 
individual  fueling  stations.  The  most  conspicuous  remnants  of  the  POL  are  two  steel 
ASTs  with  floating  covers.  One  tank  has  a  capacity  of  1,050,000  gallons,  and  the 
other  has  a  capacity  of  420,000  gallons.  Both  tanks  contained  JP-4  jet  fuel  when  in 
service.  Each  AST  is  surrounded  by  a  secondary  containment  earthen  berm  with  a 
volume  equal  to  the  capacity  of  the  enclosed  tank  plus  1  foot  of  freeboard.  Drains  lead 
from  each  of  the  bermed  areas  to  an  oil/water  separator  located  south  of  the  420,000- 
gallon  AST.  Tanks  and  fuel  lines  were  drained,  but  otherwise  left  intact,  prior  to  base 
closure  in  March  1993. 

Two  USTs  and  one  AST  were  formerly  used  to  store  fuel  at  the  site,  but  have  since 
been  removed  (Figure  1.3).  The  two  25,000-gallon  USTs  were  located  south  of  the 
fueling  road  and  east  of  the  1,050,000-gallon  AST.  The  USTs  which  formerly  stored 
gasoline  were  removed  after  Base  closure  in  1993.  A  50,000-gallon  AST,  removed 
*he  Phase  I  records  search  in  1981  (ES,  1981),  was  located  east  of  the 
l  jOSOjOOO-gallGn  AST  and  south  of  the  USTs.  The  location  of  the  former  AST  and 
USTs  is  overlain  by  a  level  earthen  mound  raised  approximately  4  feet  above  the 
surrounding  land  surface. 

A  10,000-gallon  jet  fuel  spill  occurred  at  the  POL  between  the  1,050,000-gallon 
AST  and  the  former  50,000-gallon  AST.  The  exact  date  of  the  spill  is  unknown,  but 
has  been  reported  to  have  occurred  between  1963  and  1967.  The  spill  area  is  shown  in 
Figure  1.3  (ES,  1981). 
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The  POL  area  has  been  included  in  several  base  investigations  since  its  identification 
in  the  IRP  Phase  I  Records  Search.  Light  nonaqueous-phase  liquid  (LNAPL)  fuel  (free 
product)  has  been  identified  in  both  monitoring  wells  installed  in  the  median  of  the 
fueling  road;  it  was  also  discovered  in  a  pipeline  valve  vault  installed  below  grade 
(Figure  1.3).  A  soil  gas  investigation  identified  highly  elevated  concentrations  of  total 
volatile  organic  compounds  (VOCs)  north  and  south  of  the  420,000-gallon  AST  and 
along  a  narrow  corridor  between  the  ditch  paralleling  Phyliss  Drive  and  the  fueling 
median.  Petroleum  hydrocarbons  have  been  observed  in  groundwater  seeping  into  a 
ditch  which  is  located  approximately  500  feet  hydraulically  downgradient  from  the  site. 
The  results  of  previous  site  investigations  are  presented  in  the  following  reports: 

•  IRP  Phase  I  -  Records  Search  (ES),  1981); 

•  IRP  Phase  II  —  Problem  Confirmation  and  Quantification  Report  rGeraghtv  & 
Miller,  Inc.  (G&M),  1985]; 


IRP  Long  Term  Monitoring,  Stage  I  [Environmental  Resources  Management 
Inc.  (ERM),  1990]; 


Soil  Gas  and 
1993];  and 


Groundwater  Survey  [Target  Environmental  Services,  Inc.  (Target), 


IRP  Corrective  Action  Plan  for  IRP  Site  SS-03 
1994]. 


[Law  Environmental,  Inc.  (Law), 


The  site-specific  data  presented  in  Sections  3,  4,  and  5  are  based  on  a  review  of 

Im^TTr00110)61118  311(1  on  data  collected  by  Parsons  ES  and  researchers  from  the 
NRMRL  under  this  program. 
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SECTION  2 

SITE  CHARACTERIZATION  ACTIVITIES 


This  section  presents  the  methods  used  by  Parsons  ES  to  collect  site-specific  data  at 
the  base.  To  meet  the  requirements  of  the  intrinsic  remediation  demonstration, 
additional  data  were  required  to  evaluate  near-surface  geology,  aquifer  properties,  and 
the  nature  and  extent  of  soil  and  groundwater  contamination.  Site  characterization 
activities  included  performing  CPT  with  LIF;  sampling  and  analyzing  soils  from  CPT 
pushes  and  hand-augered  boreholes;  collecting  and  analyzing  surface  water  samples; 
installing  permanent  and  temporary  groundwater  monitoring  points;  sampling  and 
analyzing  groundwater  from  monitoring  points  and  monitoring  wells;  and  measuring 
and  estimating  hydrogeologic  parameters  (static  groundwater  levels,  groundwater 
gradient,  groundwater  flow  direction,  and  hydraulic  conductivity).  These  investigation 
activities  were  used  to  collect  the  following  physical  and  chemical  hydrogeologic  data: 

•  Depth  from  measurement  datum  to  the  water  table  or  potentiometric  surface  in 
monitoring  wells; 


•  Rate  of  change  of  water  elevation  following  rapid  depression  or  elevation  of 
water  level  in  a  monitoring  well; 

•  Location  of  potential  groundwater  recharge  and  discharge  areas; 

•  Stratigraphy  of  subsurface  media; 

•  Extent  of  residual  petroleum  hydrocarbon  contamination  in  soils; 

•  Concentrations  of  dissolved  oxygen  (DO),  nitrate,  ferrous  iron,  sulfate,  methane, 
chloride,  ammonia,  and  total  organic  carbon  (TOC)  in  groundwater; 

Temperature,  specific  conductance,  reduction/oxidation  (redox)  potential,  total 
alkalinity,  and  pH  of  groundwater; 

•  Concentrations  of  BTEX,  trimethylbenzene  (TMB),  tetramethylbenzene  (TEMB), 
and  total  fuel  hydrocarbons  in  groundwater  and  soil  samples;  and 

•  TOC  in  soil  samples. 

In  addition  to  the  work  conducted  under  this  program,  complementary  site 
characterization  date  were  previously  collected  by  Law  (1994).  Activities  included  a 
soil  gas  survey;  soil,  sediment,  surface  water,  and  groundwater  sampling  for  chemical 
analysis,  slug  testing;  and  static  groundwater  level  measurement.  Previously  collected 
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data  and  data  collected  under  this  program  were  integrated  to  develop  the  conceptual 
site  model  and  to  aid  with  interpretation  of  the  physical  setting  (Section  3)  and 
contaminant  distribution  (Section  4). 


The  remainder  of  Section  2  describes  the  procedures  followed  during  the  field  work 
phase  of  the  CAS.  Additional  details  regarding  investigative  activities  are  presented  in 
the  draft  work  plan  (Parsons  ES,  1994). 

2.1  CONE  PENETROMETRY 


Subsurface  conditions  at  the  site  were  characterized  using  CPT  coupled  with  LIF 
rom  January  10  through  18,  1995.  CPT  pushes  were  performed  at  the  locations 
labeled  CPT-2  through  -37  to  characterize  subsurface  stratigraphy  (Figure  2.1).  LIF 
was  performed  simultaneously  at  these  locations  to  evaluate  the  extent  of  residual  or 
mobile  hydrocarbons  in  the  soils  and  groundwater.  Push  statistics  are  summarized  in 
Table  2.1.  The  CPT  truck  was  also  used  to  collect  two  soil  samples  and  install  27 
groundwater  monitoring  points. 


2.1.1  Determination  of  Stratigraphy 


Cone  penetrometry  is  an  expeditious  and  effective  means  of  analyzing  the 
stratigraphy  of  a  site  by  measuring  the  resistance  against  the  conical  probe  of  the 
penetrometer  as  it  is  pushed  into  the  subsurface.  Stratigraphy  is  determined  from  a 
correlation  of  the  point  stress  at  the  probe  tip  and  frictional  stress  on  the  side  of  the 
cone.  Stratigraphy  as  determined  from  the  CPT  is  checked  against  previous  soil  data  or 
to  sod  samples  collected  to  correlate  the  CPT  readings  to  the  lithologies  present  at  the 
site.  Methodologies  for  the  collection  of  soil  samples  are  described  in  Section  2.1.3. 


CPT  was  conducted  using  the  US  Army  Corps  of  Engineers’  (USACE’s)  cone 
penetrometer  truck.  This  equipment  consists  of  an  instrumented  probe  that  is  forced 
into  the  ground  using  a  hydraulic  load  frame  mounted  on  a  heavy  truck,  with  the 
weight  of  the  truck  providing  the  necessary  reaction  mass.  The  penetrometer 
equipment  is  housed  in  a  stainless  steel,  dual-compartment  body  mounted  on  a  43  000- 
pound,  triple-axle  Kenworth  truck  chassis  powered  by  a  turbo-charged  diesel  engine, 
ihe  weight  of  the  truck  and  equipment  is  used  as  ballast  to  achieve  the  overall  push 
capability  of  39,000  pounds.  This  push  capacity  may  be  limited  in  tight  soils  by  the 
structural  bending  capacity  of  the  1.8-inch  outside-diameter  (OD)  push  rods  rather 
than  by  the  weight  of  the  truck.  The  current  39,000-pound  limitation  is  intended  to 
minimize  the  possibility  of  push-rod  buckling.  Penetration  force  is  supplied  by  a  pair 
of  large  hydraulic  cylinders  bolted  to  the  truck  frame.  The  penetrometer  is  usually 
advanced  vertically  into  the  soil  at  a  constant  rate  of  2  centimeters  per  second  (cm/s) 

although  this  rate  must  sometimes  be  reduced,  such  as  when  hard  layers  are 
encountered.  3 


The  penetrometer  probe  is  of  standard  dimensions,  having  a  1.8-inch  OD  60-degree 
conical  point  with  sacrificial  tip,  and  an  8.0-inch-long  by  1.8-inch-OD  friction  sleeve, 
inside  the  probe,  two  load  cells  independently  measure  the  vertical  resistance  against 
the  conical  tip  and  the  side  friction  along  the  sleeve.  Each  load  cell  is  a  cylinder  of 
uniform  cross-section  which  is  instrumented  with  four  strain  gauges  in  a  full-bridge 
circuit.  Forces  are  sensed  by  the  load  cells,  and  the  data  are  transmitted  from  the  probe 
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TABLE  2.1 

SUMMARY  OF  FIELD  INVESTIGATIONS 
POL  BULK  FUEL  STORAGE  AREA 
INTRINSIC  REMEDIATION  CAS 
MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Identification  Type  of  Sample 
Collected 


Cone  Penetrometer  Pushes*' 


CPT-2 

CPT-3 

CPT-4 

CPT-5 

CPT-6 

CPT-7 

CPT-8 

CPT-9 

CPT-10 

CPT-11 

CPT-12 

CPT-13 

CPT-14 

CPT-I5 

CPT-16 

CPT-17 

CPT-18 

CPT-I9 

CPT-20 

CPT-2 1 

CPT-22 

CPT-23 

CPT-24 

CPT-25 

CPT-26 

CPT-27 

CPT-28 

CPT-29 

CPT-30 

CPT-3 1 

CPT-32 

CPT-33 

CPT-34 

CPT-3  5 

CPT-35 

CPT-35 

CPT-36 

CPT-37 


None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
Soil  -  37' 
Soil  -  30' 
None 
None 


Depth 
(feet  bgs) 

Description/ 

Drawing 

Northing 

(feet) 

Easting 
(feet)  i 

Ground  Surface 
(feet  above  msl) 

15.5 

CPT/LIF  Log 

251315.10 

2625894.69 

21.46 

15.2 

CPT/LIF  Log 

251248.50 

2625923.64 

23.14 

16.7 

CPT/LIF  Log 

251118.68 

2625626.86 

23.34 

16.2 

CPT/LIF  Log 

251046.59 

2625460.78 

23.16 

16.2 

CPT/LIF  Log 

250932.30 

2625513.71 

23.43 

15.9 

CPT/LIF  Log 

250980.92 

2625616.13 

23.14 

30.0 

CPT/LIF  Log 

Adjacent  to  MP-8S 

23.0 

CPT/LIF  Log 

251129.51 

2625980.18 

22.34 

26.3 

CPT/LIF  Log 

Adjacent  to  MP-10S 

20.1 

CPT/LIF  Log 

251245.51 

2626003.08 

23.42 

50.3 

CPT/LIF  Log 

251345.60 

2625910.43 

21.52 

26.6 

CPT/LIF  Log 

251226.39 

2625679.14 

21.48 

26.5 

CPT/LIF  Log 

251127.55 

2625453.57 

21.50 

26.4 

CPT/LIF  Log 

Adjacent  to  MP-15S 

26.4 

CPT/LIF  Log 

Adjacent  to  MP-16S 

26.3 

CPT/LIF  Log 

Adjacent  to  MP-17S 

30.0 

CPT/LIF  Log 

Adjacent  to  MP-18M 

39.5 

CPT/LIF  Log 

Adjacent  to  MP-19D 

31.2 

CPT/LIF  Log 

Adjacent  to  MP-20S 

26.5 

CPT/LIF  Log 

Adjacent  to  MP-21S 

26.6 

CPT/LIF  Log 

Adjacent  to  MP-22S 

26.4 

CPT/LIF  Log 

Adjacent  to  MP-23S 

19.8 

CPT/LIF  Log 

Adjacent  to  MP-24S 

20.1 

CPT/LIF  Log 

250724.00 

2625866.66 

22.42 

20.2 

CPT/LIF  Log 

250656.69 

2625627.89 

20.55 

23.2 

CPT/LIF  Log 

Adjacent  to  MP-27M 

33.0 

CPT/LIF  Log 

Adjacent  to  MP-28M 

52.1 

CPT/LIF  Log 

250938.28 

2625380.63 

22.50 

39.1 

CPT/LIF  Log 

Adjacent  to  MP-30D 

42.8 

CPT/LIF  Log 

Adjacent  to  MP-3  ID 

42.6 

CPT/LIF  Log 

Adjacent  to  MP-32D 

51.3 

CPT/LIF  Log 

Adjacent  to  MP-33D 

46.4 

CPT/LIF  Log 

Adjacent  to  MP-34D 

50.0 

CPT/LIF  Log 

Adjacent  to  MP-35D 

37.0 

CPT/LIF  Log 

Adjacent  to  MP-35D 

30.0 

CPT/LIF  Log 

Adjacent  to  MP-35D 

39.4 

CPT/LIF  Log 

Adjacent  to  MP-36D 

20.0 

CPT/LIF  Log 

251121.02 

2625877.52 

23.62 
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TABLE  2.1  (Continued) 
SUMMARY  OF  FIELD  INVESTIGATIONS 
POL  BULK  FUEL  STORAGE  AREA 
INTRINSIC  REMEDIATION  CAS 
MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Identification  Type  of  Sample 
Collected 


Monitoring  Point  Installations  ^ 

MP-8S 

Groundwater 

MP-10S 

Groundwater 

MP-12D 

Groundwater 

MP-15S 

Groundwater 

MP-16S 

Groundwater 

MP-17S 

Groundwater 

MP-I8M 

Groundwater 

MP-19S 

Groundwater 

MP-19M 

Groundwater  b/ 

MP-19D 

Groundwater 

MP-20S 

Groundwater 

MP-21S 

Groundwater 

MP-22S 

Groundwater 

MP-23S 

Groundwater 

MP-24S 

Groundwater 

MP-27M 

Groundwater 

MP-28M 

Groundwater 

MP-30S 

Groundwater 

MP-30D 

Groundwater 

MP-31D 

Groundwater 

MP-32D 

Groundwater 

MP-33D 

Groundwater 

MP-34S 

Groundwater 

MP-34D 

Groundwater 

MP-35D 

Groundwater 

MP-36S 

Groundwater 

MP-36D 

Groundwater 

Hand-Augcred  Boreholes  ^ 

SB-MW-01 

Soil  -  6' 

CPT-5 

Soil  -  7' 

CPT-6 

Soil  -  8' 

CPT-19 

Soil  -  10.5' 

CPT-30 

Soil  -  1.5' 

CPT-31 

Soil  -  6' 

CPT-32 

Soil  -  3' 

CPT-34 

Soil  -  9.5' 

Depth 
(feet  bgs) 

Description/ 

Drawing 

Northing 

(feet) 

Easting 

(feet) 

Ground  Surface 
(feet  above  msl) 

9.5 

MP  Installation  Record 

251097.92 

2625906.80 

22.83 

9.5 

MP  Installation  Record 

251225.72 

2626113.85 

23.16 

36.5 

MP  Installation  Record 

251345.60 

2625910.43 

21.52 

10.0 

MP  Installation  Record 

250940.56 

2625127.05 

20.81 

10.5 

MP  Installation  Record 

251090.08 

2625328.50 

21.18 

12.5 

MP  Installation  Record 

250630.71 

2625954.04 

NM 

22.5 

MP  Installation  Record 

250602.87 

2625814.41 

22.89 

12.5 

MP  Installation  Record 

250581.29 

2625731.59 

23.07 

22.5 

MP  Installation  Record 

250581.68 

2625732.80 

23.08 

38.5 

MP  Installation  Record 

250582.07 

2625733.89 

23.10 

14.5 

MP  Installation  Record 

250539.40 

2625614.53 

21.83 

10.0 

MP  Installation  Record 

250796.72 

2625331.86 

20.22 

10.0 

MP  Installation  Record 

250680.11 

2625433.08 

19.31 

13.5 

MP  Installation  Record 

250556.31 

2625387.02 

16.99 

13.0 

MP  Installation  Record 

250664.23 

2626096.48 

21.84 

23.5 

MP  Installation  Record 

250493.29 

2625259.34 

19.89 

29.5 

MP  Installation  Record 

250444.65 

2625402.37 

19.78 

11.0 

MP  Installation  Record 

251025.12 

2625815.50 

22.52 

36.0 

MP  Installation  Record 

251023.23 

2625816.45 

22.48 

38.0 

MP  Installation  Record 

251031.68 

2625675.99 

23.32 

37.0 

MP  Installation  Record 

251177.87 

2625951.92 

22.05 

36.5 

MP  Installation  Record 

250419.57 

2625936.30 

20.48 

15.0 

MP  Installation  Record 

250339.47 

2625618.48 

19.11 

30.0 

MP  Installation  Record 

250340.57 

2625620.77 

19.11 

31.0 

MP  Installation  Record 

250148.25 

2625525.53 

20.39 

10.0 

MP  Installation  Record 

250696.25 

2625743.92 

20.98 

39.5 

MP  Installation  Record 

250695.62 

2625742.64 

20.97 

6.0 

Law  Environmental 

251319.87  2626072.09 

7.0 

CPT/LIF  Log 

Adjacent  to  CPT-5 

8.0 

CPT/LIF  Log 

Adjacent  to  CPT-6 

10.5 

CPT/LIF  Log 

Adjacent  to  MP-19S 

1.5 

CPT/LIF  Log 

Adjacent  to  MP-30D 

6.0 

CPT/LIF  Log 

Adjacent  to  MP-3  ID 

3.0 

CPT/LIF  Log 

Adjacent  to  MP-32D 

9.5 

CPT/LIF  Log 

Adjacent  to  MP-34D 
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TABLE  2.1  (Concluded) 
SUMMARY  OF  FIELD  INVESTIGATIONS 
POL  BULK  FUEL  STORAGE  AREA 
INTRINSIC  REMEDIATION  CAS 
MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Identification 

Type  of  Sample 
Collected 

Description/ 

Drawing 

Northing 

(feet) 

Easting 

(feet) 

Ground  Surface 
(feet  above  msl) 

Surface  Soil  Samples 

SS-1  Soil 

1.0 

None 

250708.54 

2626551.40 

SS-2 

Soil 

1.0 

None 

250594.39 

2626015.79 

SS-3 

Soil 

1.0 

None 

250573.61 

2625898.07 

SS-4 

Soil 

1.0 

None 

250546.92 

2625807.75 

SS-5 

Soil 

1.0 

None 

250503.60 

2625629.15 

SS-6 

Soil 

1.0 

None 

250545.88 

2625350.03 

Temporary  Hand-Driven  Groundwater  Monitoring  Points  * 

GP-1S  Groundwater  2.0  MP  Installation  Record 

5  feet  NW  of  SS-4 

GP-1D 

Groundwater 

7.0 

MP  Installation  Record 

5  feet  NW  of  SS-4 

GP-2S 

Groundwater 

5.0 

MP  Installation  Record 

10  feet  NW  of  SS-4 

GP-2D 

Groundwater  b/ 

8.5 

MP  Installation  Record 

10  feet  NW  of  SS-4 

GP-3S 

Groundwater 

5.0 

MP  Installation  Record 

15  feet  NW  of  SS-4 

GP-3D 

Groundwater 

8.5 

MP  Installation  Record 

15  feet  NW  of  SS-4 

GP-4 

Product 

7.0 

MP  Installation  Record 

Adjacent  to  OWS 

Monitoring  Well 
MW-01 

Sampling  (Feet  below  TOC) 

Groundwater  13.3  Law  Enironmental 

251323.89 

2626079.67 

22.58 

MW-02 

Groundwater 

15.3 

Law  Enironmental 

250975.16 

2625297.17 

21.79 

MW-03 

Groundwater 

14.6 

Law  Enironmental 

250921.43 

2625436.55 

22.33 

MW-04 

GW  &  Product 

16.3 

Law  Enironmental 

251037.07 

2625687.92 

23.28 

MW-05 

GW  &  Product 

14.9 

Law  Enironmental 

251191.26 

2625950.52 

22.95 

MW-06 

Groundwater 

19.0 

Law  Enironmental 

250591.99 

2625810.65 

22.99 

MW-07 

Groundwater 

15.3 

Law  Enironmental 

250568.45 

2625497.88 

21.42 

MW-08 

Groundwater 

17.4 

Law  Enironmental 

250486.05 

2625790.08 

20.52 

MW-09 

Groundwater 

15.2 

Law  Enironmental 

250439.45 

2625435.55 

19.46 

MW-10 

Groundwater 

14.4 

Law  Enironmental 

250633.00 

2625353.34 

20.51 

MW-11 

Groundwater 

19.2 

Law  Enironmental 

520568.27 

2625637.04 

22.87 

GM-33 

Groundwater 

15.9 

Geraghty  &  Miller 

251026.79 

2625969.00 

21.95 

GM-34 

Groundwater 

16.3 

Geraghty  &  Miller 

250915.70 

2625947.66 

22.16 

GM-35 

Groundwater 

15.3 

Geraghty  &  Miller 

250922.19 

2625876.25 

21.16 

GM-36 

Groundwater 

37.5 

Geraghty  &  Miller 

250773.02 

2625937.65 

20.42 

GM-44 

Groundwater 

14.5 

Geraghty  &  Miller 

250917.20 

2625881.35 

20.81 

Surface  Water  Sampling 

SW-1  Surface  Water 

None 

Adjacent  to  SS-1 

SW-2 

Surface  Water 

- 

None 

Adjacent  to  SS-2 

SW-3 

Surface  Water 

- 

None 

Adjacent  to  SS-4 

SW-4 

Surface  Water 

- 

None 

Adjacent  to  SS-5 

SW-5 

Surface  Water 

- 

None 

Adjacent  to  SS-6 

Each  row  represents  a  separate  penetration  of  the  ground. 
b/  Attempted  to  sample;  however,  inadequate  water  was  produced. 
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assembly  via  a  cable  running  through  the  push  tubes.  The  analog  data  are  digitized, 
recorded,  and  plotted  by  computer  in  the  penetrometry  truck.  A  grout  tube  also  runs 
down  the  push  cylinder  to  allow  the  introduction  of  cement  grout  to  the  hole  in  order  to 
seal  the  CPT  hole. 

2.1.2  Investigation  of  Residual  and  Mobile  Hydrocarbons 

The  known  propensity  of  aromatic  hydrocarbons  to  fluoresce  under  ultraviolet 
wavelengths  has  allowed  the  use  of  LIF  technology,  in  conjunction  with  CPT 
technology,  to  evaluate  soil  characteristics  and  hydrocarbon  contamination 
simultaneously.  The  LIF  system  has  a  0.25-inch  sapphire  window  in  the  side  of  the 
cone  that  allows  a  laser  to  scan  the  soil  for  fluorescent  compounds  as  the  LIF 
penetrometer  rod  pushes  through  soil.  Assuming  that  aromatic  hydrocarbons  are 
simultaneously  solvenated  with  other  fuel-hydrocarbon  constituents,  the  magnitude  of 
aromatic  fluorescence  is  indicative  of  hydrocarbon  contamination  in  a  soil  matrix. 
Fiber  optic  cables  connected  to  the  laser  spectrometer  and  a  6-pair  electrical  conductor 
connected  to  the  CPT  data  acquisition  system,  are  routed  through  the  interior  of  the 
push  tubes  to  the  CPT  probe. 


The  basic  components  of  the  LIF  instrument  are  a  nitrogen  laser,  a  fiber  optic 
probe,  a  monochromator  for  wavelength  resolution  of  the  return  fluorescence,  a 
photomultiplier  tube  to  convert  photons  into  an  electrical  signal,  a  digital  oscilloscope 
for  waveform  capture,  and  a  control  computer.  The  fiber  optic  probe  for  the  cone 
penetrometer  consists  of  delivery  and  collection  optical  fibers,  a  protective  sheath,  a 
fiber  optic  mount  within  the  cone,  and  a  0.25-inch  sapphire  window  (Figure  2.2).  The 
wavelength  used  in  the  USACE  CPT  LIF  system  gives  the  strongest  fluorescence  signal 
(attributable  to  the  presence  of  contamination)  for  naphthalene  and  heavier  long-chained 
hydrocarbons.  Thus,  while  the  LIF  is  not  entirely  appropriate  for  detecting  the 
fluorescence  of  BTEX,  it  is  useful  for  defining  soil  contamination  because  the  heavier 
long-chained  hydrocarbons  are  more  likely  to  sorb  to  the  soil  matrix. 

Graphical  results  of  each  LIF/CPT  push  were  plotted  by  USACE  staff  at  the 
conclusion  of  each  penetration  and  were  available  minutes  after  the  completion  of  each 
hole.  The  graphs  showed  cone  resistance,  sleeve  friction,  soil  classification, 
fluorescence  intensity,  and  maximum  fluoresced  wavelength.  The  real-time  availability 
of  the  CPT  information  allowed  the  Parsons  ES  field  scientist  to  make  investigative 
decisions  based  on  the  most  current  information.  Final  CPT  logs  are  presented  in 
Appendix  A. 

2.1.3  Soil  Sample  Collection 

The  CPT  was  used  to  collect  two  soil  samples  for  analysis  of  TOC  on  January  14, 
1995.  The  samples  were  collected  at  CPT-35  from  organic  silts  at  37  feet  below 
ground  surface  (bgs)  and  fine,  clean  sands  at  30  feet  bgs. 


The  samples  were  collected  using  a  Hoggen-Toggler®  sampling  device,  which  can  be 
used  to  collect  undisturbed  soil  samples  at  any  desired  depth  within  the  range  of  the 
driving  apparatus.  The  sampler  is  coupled  to  the  penetrometer  rod  and  pushed  into  the 
soil  with  the  CPT  truck.  With  the  Hoggen-Toggler®  cone  in  the  closed  position,  soil  is 
prevented  from  entering  the  sampling  tube  until  the  desired  depth  is  achieved.  When 
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the  sampler  has  been  pushed  to  the  depth  at  which  the  soil  sample  is  to  be  taken,  the 
sampling  unit  is  raised  a  few  inches  and  the  Hoggen-Toggler  apparatus  is  opened. 
The  open  Hoggen-Toggler®  is  pushed  to  fill  with  soil,  then  pulled  from  the  ground  as 
quickly  as  possible.  The  Hoggen-Toggler®  sampling  apparatus  allows  collection  of  8- 
inch-long  by 

1-inch  inside-diameter  (ID)  continuous  samples.  Recovery  efficiencies  for  samples  in 
saturated  or  sandy  soils  are  often  reduced,  or  the  samples  are  compromised,  because  of 
spillage  of  the  soil  from  the  device  after  extraction.  To  mitigate  this  problem,  soil 
samples  were  compressed  in  situ  with  the  penetrometer  and  Hoggen-Toggler®  assembly 
to  expel  the  pore  water  before  extraction. 

The  two  soil  samples  collected  using  the  Hoggen-Toggler  assembly  were  placed  in 
clean  8-ounce  glass  jars  and  delivered  to  the  U SEP A/NRMRL  field  personnel  for 
analysis  of  TOC.  For  each  sample,  the  Parsons  ES  field  scientist  recorded  the 
following  information: 

•  Sample  interval  (top  and  bottom  depth); 

•  Presence  or  absence  of  contamination; 

•  Lithologic  description,  including  major  textural  constituents,  minor  constituents, 
porosity,  color,  relative  moisture  content,  plasticity  of  fines,  cohesiveness,  grain 
size,  structure  or  stratification,  and  any  other  significant  observations;  and 

•  Any  unusual  conditions. 

2.1.4  CPT  Hole  Abandonment 

The  CPT/LIF  probe  is  equipped  with  a  grout  tube  and  sacrificial  tip;  therefore, 
CPT/LIF  holes  were  abandoned  with  a  Portland  cement  grout  as  the  CPT  pushrod  was 
withdrawn.  Collection  of  samples  with  the  Hoggen-Toggler  sampler  did  not  allow  for 
grouting^  during  pushrod  withdrawal;  therefore,  these  holes  were  abandoned  with 
Portland  cement  from  the  ground  surface  after  sample  collection. 

2.1.5  Equipment  Decontamination 

After  sampling  at  each  CPT  location,  CPT  push  rods  were  cleaned  with  the  CPT 
steam-cleaning  system  (rod  cleaner)  as  the  rods  were  withdrawn  from  the  ground.  A 
vacuum  system  located  beneath  the  CPT  truck  was  used  to  recover  cleaning  water.  Use 
of  this  system  resulted  in  nearly  100-percent  recovery  of  steam-cleaning  rinseate  from 
the  rod  cleaner.  Rinseate  was  generated  only  as  the  rods  moved  past  the  cleaner, 
thereby  minimizing  liquid  waste  generation.  Rinseate  was  collected  in  55-gallon 
drums.  The  filled  55-gallon  drums  were  labeled  with  the  date,  contents,  generation 
location,  and  generators.  Filled  drums  were  left  on  site  for  base  disposal. 

All  soil  sampling  tools  were  cleaned  onsite  with  a  steam/hot-water  spray  prior  to  use 
and  between  each  sampling  event.  Potable  water  used  in  CPT  equipment  cleaning, 
decontamination,  or  grouting  was  obtained  from  the  base  water  supply.  Water  use 
approval  was  verified  by  contacting  the  appropriate  facility  personnel.  Precautions 
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were  taken  to  minimize  any  impact  to  the  surrounding  area  that  might  result  from 
decontamination  operations. 

2.2  PERMANENT  MONITORING  POINT  INSTALLATION 

Using  the  CPT  truck,  the  USACE  staff  installed  27  0.5-inch  ID  monitoring  points  at 
22  locations  in  the  vicinity  of  the  POL.  A  cluster  of  3  monitoring  points  was  installed 
at  location  CPT- 19.  The  screens  were  placed  in  sand  near  the  water  table,  in  silty  clay 
approximately  10  feet  below  the  shallow  point,  and  at  the  top  of  a  deep  sand  layer 
approximately  28  feet  below  the  shallow  point.  Clusters  of  2  monitoring  points  were 
installed  at  locations  CPT-30,  -34,  and  -36.  As  the  groundwater  yield  of  the  silty  clay 
at  CPT- 19  was  insufficient  to  properly  develop  the  monitoring  point  or  to  collect 
sufficient  groundwater  for  a  complete  set  of  analyses,  the  shallow  point  at  each  of  these 
locations  was  placed  in  the  shallow  saturated  sand  near  the  water  table,  and  the  deep 
point  was  placed  in  the  deep  sand  layer  immediately  below  the  silty  clay.  Monitoring 
points  at  locations  CPT-18,  -28,  -31,  and  -32  were  clustered  with  water  table 
monitoring  wells.  At  each  of  these  locations  the  monitoring  point  was  screened  across 
an  interval  deeper  than  the  adjacent  monitoring  well.  Ten  of  the  remaining  monitoring 
points  were  installed  singly,  in  the  shallow  saturated  sands  near  the  water  table.  Three 
single  monitoring  points  were  installed  south  of  the  ditch  that  parallels  Phyliss  Drive. 
These  monitoring  points  were  installed  in  saturated  sands  at  least  10  feet  below  the 
elevation  of  the  ditch  in  order  to  evaluate  the  possible  migration  of  contamination 
beneath  the  ditch.  One  monitoring  point  was  installed  at  location  CPT-12  in  the  deep 
sand  upgradient  from  the  site. 

All  monitoring  points  were  assigned  a  three-part  identifier.  The  first  part  is  “MP” 
which  designates  the  object  as  a  monitoring  point.  The  second  part  of  the  name  is  a 
number  which  corresponds  the  CPT  location  number.  The  third  part  is  a  letter  which 
identifies  the  relative  location  of  the  screened  interval  with  the  water  table:  the  letter 
“S”  is  used  for  monitoring  points  screened  in  sands  within  approximately  5  feet  of  the 
water  table;  the  letter  “M”  is  used  for  monitoring  points  screened  in  silty  clays  or  sands 
approximately  5  to  20  feet  below  the  water  table;  and  the  letter  “D”  is  used  for 
monitoring  points  screened  in  sands  greater  than  approximately  20  feet  below  the 
water  table.  For  example,  the  monitoring  point  installed  at  location  CPT-22  and 
screened  at  the  water  table  is  named  MP-22S.  The  locations  of  all  installed  monitoring 
points  are  shown  on  Figure  2.3.  A  summary  of  monitoring  point  construction  details  is 
provided  in  Table  2.1.  Monitoring  point  completion  diagrams  are  provided  in 
Appendix  A. 

2.2.1  Materials 

Monitoring  points  were  constructed  of  flush-threaded  0.5-inch  ID/0.75-inch  OD 
polyvinyl  chloride  (PVC)  casing  and  screen.  Installed  screens  were  3.3  feet  in  length 
and  factory-slotted  with  0.010-inch  openings.  The  sacrificial  stainless  steel  CPT  tip 
was  screwed  into  the  PVC  screen  and  served  as  the  bottom  cap  of  the  monitoring  point 
when  the  push  was  finished.  Each  monitoring  point  was  fitted  with  a  PVC  top  cap 
upon  completion.  Well  materials  were  inspected  for  cleanliness  prior  to  use.  No  glue 
or  solvents  were  used  with  monitoring  point  materials. 
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2.2.2  Installation 


Monitoring  points  were  pressed  into  the  ground  through  the  inside  of  1.8-inch  OD 
CPT  pushrods.  This  method  protects  the  monitoring  point  screen  and  casing  until  the 
monitoring  point  has  been  pushed  to  the  desired  depth  and  the  pushrods  are  removed. 
To  accomplish  this,  the  PVC  screen  was  threaded  through  the  bottom  CPT  pushrod.  A 
sacrificial  tip  was  screwed  into  the  bottom  of  the  screen  and  pressed  into  the  bottom  of 
the  CPT  pushrod.  As  the  pushrod  was  pressed  into  the  ground,  CPT  pushrods  and  new 
PVC  casing  were  continuously  attached  until  the  desired  depth  was  reached.  Upon 
removal  of  the  pushrods,  a  fully-cased  monitoring  point  remained.  Because  the 
formation  collapsed  around  the  monitoring  points  upon  removal  of  the  pushrods, 
emplacement  of  sand  packs,  bentonite  seals,  and  grout  was  not  possible.  Data 
collection  devices  such  as  CPT  and  LIF  could  not  be  used  during  monitoring  {joint 
placement;  however,  CPT  was  performed  prior  to  monitoring  point  installation  in  order 
to  select  desired  depths. 

2.2.3  Development 

Prior  to  sampling,  newly  installed  monitoring  points  were  developed.  Typically, 
well  development  removes  sediment  from  inside  the  well  casing  and  flushes  fines, 
cuttings,  and  drilling  fluids  from  the  sand  pack  and  the  portion  of  the  formation 
adjacent  to  the  well  screen.  Use  of  the  CPT  apparatus  to  place  monitoring  points 
minimizes  the  amount  of  fine  sediment  that  might  accumulate  in  the  casing. 

Monitoring  point  development  was  accomplished  using  a  peristaltic  pump  with  new 
dedicated  or  decontaminated  (Section  2.4. 1.1)  high-density  polyethylene  (HDPE) 
tubing.  The  pump  tubing  was  regularly  lowered  to  the  bottom  of  the  well  so  that  fines 
were  agitated  and  removed  from  the  well  in  the  development  water.  Development  was 
continued  until  a  minimum  of  10  casing  volumes  of  water  were  removed  from  the 
monitoring  point  and  the  temperature  and  DO  concentrations  of  the  groundwater  had 
stabilized.  When  a  constant  flow  of  groundwater  could  be  obtained  from  a  monitoring 
point,  development  was  continued  until  the  groundwater  was  relatively  free  of  fine 
sediments. 

All  development  water  was  contained  in  5-gallon  buckets  and  transferred  to  55- 
gallon  drums.  The  drums  were  labeled  with  the  date,  contents,  generation  location 
and  generators. 

2.2.4  At-Grade  Completion 

Each  monitoring  point  was  completed  with  an  at-grade  protective  cover  with  the 
concrete  sloped  gently  away  from  the  protective  casing  to  facilitate  runoff  during 
precipitation.  Because  the  points  were  finished  at  grade,  the  monitoring  point  top  caps 
were  not  vented. 

2.3  TEMPORARY  MONITORING  POINT  INSTALLATION 

Temporary  groundwater  monitoring  points  were  installed  at  locations  that  were 
inaccessible  to  the  CPT  truck.  Three  clusters  (GP-1,  -2,  and  -3)  of  two  temporary 
monitoring  points  were  installed  at  the  location  of  the  most  visibly  extensive 
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hydrocarbon-contaminated  groundwater  seep  on  the  north  side  of  the  ditch  paralleling 
Phyliss  Drive.  The  monitoring  point  clusters  were  installed  at  distances  of 
approximately  5,  10,  and  15  feet  from  the  edge  of  the  ditch  (Figure  2.3).  The  shallow 
point  in  each  cluster  was  installed  within  approximately  1  foot  of  the  water  table;  the 
deeper  point  was  installed  approximately  5  feet  below  the  shallow  point.  A  seventh 
temporary  monitoring  point  (GP-4)  was  installed  at  the  water  table  next  to  the  oil/water 
separator. 

Each  temporary  monitoring  point  was  assigned  a  three-part  identifier.  The  first  part 
is  “GP”  which  designates  the  object  as  a  hand-driven  temporary  monitoring  point 
constructed  of  Geoprobe  equipment.  The  second  part  of  the  name  is  a  number  which 
corresponds  the  location  number.  The  third,  optional  part  was  used  when  temporary 
monitoring  points  were  installed  in  a  cluster.  This  part  consists  of  a  letter  which 
identifies  the  relative  location  of  the  screened  interval  with  the  water  table:  the  letter 
“S”  was  used  for  temporary  points  screened  at  the  water  table  and  the  letter  “D”  was 
used  for  temporary  points  screened  approximately  3  feet  below  the  water  table.  A 
summary  of  temporary  monitoring  point  construction  details  is  provided  in  Table  2. 1 . 

The  temporary  monitoring  points  were  constructed  of  a  0.75-inch-ID,  1-foot, 
stainless  steel  well  screen  coupled  to  0.75-inch-ID  steel  conduit  piping.  The  points 
were  installed  by  manually  driving  the  monitoring  point  to  the  desired  sampling  depth. 
Prior  to  installation  of  a  temporary  monitoring  point,  all  construction  materials  were 
decontaminated  by  washing  with  a  potable  water  and  Alconox  solution,  rinsing  with 
potable  water,  rinsing  with  isopropanol,  rinsing  with  deionized  water,  and  allowing  to 
air  dry. 

Temporary  monitoring  points  were  purged  and  sampled  as  described  is  Section  2.4. 
Upon  completion  of  sampling  activities,  temporary  monitoring  points  were  extracted 
from  the  ground  using  a  hi-lift  jack.  The  vacuum  created  upon  extraction  of  the 
temporary  point  resulted  in  self-sealing  of  the  1-inch  diameter  hole. 

2.4  GROUNDWATER  SAMPLING 

Groundwater  samples  were  collected  at  16  monitoring  wells,  2  previously  installed 
monitoring  points,  27  newly  installed  monitoring  points,  and  6  of  the  7  temporary 
monitoring  points  from  January  10  through  17,  1995  (Figure  2.3).  A  groundwater 
sample  was  not  collected  at  temporary  monitoring  point  GP-2D  because  a  sufficient 
volume  of  groundwater  could  not  be  obtained.  Groundwater  samples  were  analyzed  by 
USEPA  personnel  in  the  field  for  alkalinity,  DO,  ferrous  iron,  free  carbon  dioxide, 
pH,  phenols,  redox  potential,  soluble  manganese,  sulfides,  and  temperature.  Analyses 
for  ammonia,  chloride,  conductivity,  methane,  mobile  LNAPL,  metals,  nitrate  and 
nitrite,  purgeable  aromatic  hydrocarbons,  sulfate,  TOC,  volatile  chlorinated 
hydrocarbons,  and  volatile  fatty  acids  were  performed  at  the  NRMRL  in  Ada, 
Oklahoma.  Samples  from  monitoring  points  GP-1S,  GP-3S,  and  MP-18M  were 
analyzed  only  for  BTEX  and  nutrients  because  a  sufficient  volume  of  water  could  not 
be  obtained  to  complete  all  of  the  analyses.  Samples  of  free-phase  hydrocarbons  were 
collected  from  monitoring  wells  MW-04  and  MW-05  and  the  temporary  monitoring 
point  GP-4.  The  product  samples  were  analyzed  by  the  NRMRL  for  the  mass  fraction 
of  BTEX.  Groundwater  sampling  forms  were  used  to  document  the  specific  details  of 
the  sampling  event  for  each  well  and  monitoring  point.  In  addition  to  groundwater 
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results  from  this  program,  results  are  available  for  groundwater  sampling  conducted  by 
Law  (1994). 

This  section  describes  the  procedures  used  for  collecting  groundwater  samples.  In 
order  to  maintain  a  high  degree  of  quality  control  (QC)  during  this  sampling  event,  the 
procedures  described  in  the  site  work  plan  (Parsons  ES,  1994)  and  summarized  in  the 
following  sections  were  followed. 

2.4.1  Preparation  for  Sampling 

All  equipment  used  for  sampling  was  assembled  and  properly  cleaned  and  calibrated 
(if  required)  prior  to  arriving  in  the  field.  Special  care  was  taken  to  prevent 
contamination  of  the  groundwater  and  extracted  samples  from  improperly  cleaned 
equipment;  therefore,  pumps  and  water  level  indicators  were  thoroughly  cleaned  before 
and  after  field  use  and  between  uses  at  different  sampling  locations. 

2.4.1. 1  Equipment  Decontamination 

All  portions  of  sampling  and  test  equipment  that  contacted  the  sample  were 
thoroughly  cleaned  before  use.  The  pump  tubing,  oil/water  interface  probe,  and  water 
level  indicator  were  the  only  reusable  pieces  of  equipment  that  came  into  contact  with 
groundwater  samples  or  were  used  downhole.  The  following  protocol  was  used  to 
clean  the  water  level  indicator  and  oil/water  interface  probe: 

•  Wiped/rinsed  with  isopropanol; 

•  Wiped/rinsed  with  deionized  water;  and 

•  Air  dried  prior  to  use. 

Generally ,  cleaning  was  not  required  with  the  HD  PE  tubing  used  with  the  peristaltic 
pump  because  a  new  length  of  tubing  was  dedicated  to  the  well  or  monitoring  point; 
however,  when  the  HDPE  tubing  was  reused,  it  was  cleaned  inside  and  out  with 
acetone  and  rinsed  with  deionized  water.  Decontaminated  tubing  was  dedicated  to  a 
particular  monitoring  point  for  development,  purging,  and  sampling  so  that  by  the  time 
sampling  occurred,  a  large  volume  of  groundwater  had  passed  through  the  tubing.  Any 
deviations  from  these  procedures  were  documented  on  the  groundwater  sampling  form. 

All  cleaning  fluids  were  contained  and  transferred  to  55-gallon  drums.  The  drums 
were  labeled  with  the  date,  contents,  generation  location,  and  generators. 

2.4. 1.2  Equipment  Calibration 

* 

Field  analytical  equipment  was  calibrated  according  to  the  manufacturers’ 
specifications  prior  to  field  use,  and  as  required.  As  the  majority  of  physical  and 
chemical  analyses  were  performed  by  USEPA/NRMRL  personnel,  this  requirement 
applied  specifically  to  the  Orion  DO  meter. 
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2.4. 1.3  Preparation  of  Location 


Prior  to  proceeding  with  sampling,  the  area  around  the  well  or  monitoring  point  was 
cleared  of  foreign  materials,  such  as  brush,  rocks,  and  debris  which  prevented  sampling 
equipment  from  inadvertently  contacting  debris  around  the  monitoring  well.  Location 
preparation  also  included  an  inspection  of  the  integrity  of  the  well  or  monitoring  point. 
At  this  time  irregularities  with  the  protective  cover,  cap,  lock,  external  surface  seal, 
internal  surface  seal,  well  identification,  well  datum,  and  pad  were  noted. 

2. 4. 1.4  Water  Level  and  Total  Depth  Measurements 

Prior  to  removing  any  water  from  the  well/point,  the  static  water  level  was 
measured.  An  electric  water  level  probe  was  used  to  measure  the  depth  to  groundwater 
below  the  well/monitoring  point  datum  to  the  nearest  0.01  foot.  After  measurement  of 
the  static  water  level,  the  water  level  probe  was  lowered  to  the  bottom  of  the  well/point 
for  measurement  of  total  depth  (recorded  to  the  nearest  0.01  foot).  Based  on  these 
measurements,  the  volume  of  water  to  be  purged  was  calculated. 

Static  groundwater  levels  also  were  measured  on  January  18,1995,  at  the  conclusion 

of  the  field  activities.  Measurements  were  obtained  at  all  site  wells  and  monitoring 
points. 

2.4.2  Purging  and  Sample  Collection 

Well/monitoring  point  purging  consisted  of  the  removal  of  at  least  three  casing 
volumes  of  water  prior  to  sample  collection.  At  all  groundwater  sampling  locations  a 
peristaltic  pump  was  used  to  purge  and  sample  the  wells  and  monitoring  points.  Once 
three  casing  volumes  of  water  were  removed  from  the  well  or  monitoring  point, 
purging  continued  until  the  temperature  and  DO  concentrations  had  stabilized,  and  if 
possible,  until  the  purge  water  became  clear. 

When  sufficient  water  was  available  sample  collection  commenced  immediately  after 
completion  of  the  purge.  In  all  instances,  groundwater  samples  were  collected  within 
24  hours  of  the  purge.  Groundwater  samples  were  extracted  with  a  peristaltic  pump, 
and  sample  containers  were  filled  directly  from  the  pump  discharge  tube.  The 
groundwater  was  directed  toward  the  bottle  wall  near  the  top  and  allowed  to  run  down 
the  inner  walls  of  the  sample  bottle  in  order  to  minimize  aeration  of  the  sample. 
Sample  bottles  for  total  volatile  hydrocarbons  (TVH)  and  BTEX  plus  TMB  and  TEMB 
analyses  were  filled  so  that  no  headspace  or  air  bubbles  remained  within  the  container. 

All  groundwater  derived  from  purging  and  sampling  was  contained  in  5-gallon 
buckets  and  transferred  to  55-gallon  drums.  The  drums  were  labeled  with  the  date 
contents,  generation  location,  and  generators. 

2.4.3  Onsite  Chemical  Parameter  Measurement 

Measurement  of  DO  and  temperature  was  performed  at  the  well  at  the  time  of 
sample  collection.  All  other  field  parameters  were  measured  by  the  USEPA/NRMRL 
personnel  at  their  mobile  laboratory  immediately  following  sample  collection. 
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2.4.3. 1  Dissolved  Oxygen  Measurements 

DO  measurements  were  taken  using  an  Orion®  model  840  or  YSI-55  DO  meter  in  a 
tiow-through  cell  at  the  pump  discharge  tube.  DO  concentrations  were  recorded  after 
the  readings  stabilized,  and  represent  the  lowest  DO  concentration  observed. 

2.4.3. 2  Temperature  Measurements 

Because  sample  temperature  changes  significantly  within  a  short  time  following 
sample  acquisition,  it  was  measured  at  the  time  of  sample  collection,  in  the  same  flow- 

rough  cell  m  which  DO  was  measured.  The  temperature  was  recorded  on  the 
groundwater  sampling  record. 

2.4.4  Sample  Handling 

2.4.4. 1  Sample  Preservation 


e  USEPA/NRMRL  personnel  provided  appropriately  preserved  sample  bottles, 
amples  were  delivered  to  the  USEPA  mobile  laboratory  within  minutes  of  sample 
collection.  Samples  for  those  analyses  not  performed  by  the  mobile  laboratory  were 
shipped  by  the  USEPA  field  personnel  to  the  NRMRL  in  Ada,  Oklahoma  for  analysis. 

2. 4.4.2  Sample  Containers  and  Labels 

i  KSaTpIe  c^ltainers  appropriate  container  lids  were  provided  by  the  analytical 
laboratory  The  sample  containers  were  filled  as  described  in  Section  2.4.2,  and  the 
container  lids  were  tightly  closed.  The  sample  label  was  firmly  attached  to  the 

labep111^  SldC’  and  the  following  information  was  legibly  and  indelibly  written  on  the 


•  Facility  name; 

•  Sample  identification; 

•  Sample  type  (e.g.,  groundwater); 

•  Sampling  date; 

•  Sampling  time; 

•  Preservatives  added;  and, 

•  Sample  collector's  initials. 


2. 4.4. 3  Sample  Shipment 

USFPA  rnnhlSTi65  7eK  S^'ed/"d  labeled'  they  transported  to  the  onsite 
followed  W  laboratory.  The  following  packaging  and  labeling  procedures  were 
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Samples  were  packaged  to  prevent  leakage  or  vaporization  from  their  container: 
and  ’ 

♦  Samples  were  cushioned  to  avoid  breakage. 


As  the  January  temperatures  were  cool  and  the  samples  were  delivered  to  the  mobile 
laboratory  within  minutes  of  sample  collection,  ice  was  not  used  to  cool  the  samples 
during  transport  to  the  USEPA  mobile  laboratory.  Sample  shipment  to  the  NRMRL 

chain-of-custody  documentation  was  the  responsibility  of  the 
USEPA/NRMRL  field  personnel. 

2.5  SURFACE  WATER  SAMPLING 

f6  Wne,r  (SW‘‘  throu6h  SW'5'  Fisure  2-3)  were  collected  front 

e  ditch  that  parallels  Phyliss  Drive.  The  samples  were  collected  near  the  north  bank 
ot  the  ditch  in  order  to  assess  the  impact  of  groundwater  seeps  along  the  bank  on  the 
surface  water  quality.  The  samples  were  collected  adjacent  to  the  shallow  soil  sampling 

by  the  NRMRL SS"2’  SS"4’  SS~5’  ^  SS~6  ^FigUre  2>1)  and  were  analyzed  for  BTEX 

Surface  water  samples  were  collected  directly  into  the  sample  bottle  by  placing  the 

riiTi!6  u0tftle  m  che  d!tch  WIth. the  °Penin8  facing  up  and  allowing  the  water  to  slowly 
section  2°4^4  SamPle  handling  proceeded  as  described  for  groundwater  samples  in 

2.6  HAND-AUGERED  BOREHOLES  AND  SOIL  SAMPLING 

}995’  hand-augered  boreholes  were  advanced  at  14  locations 

SS  4  ?7s5’  ChTc1’,?T'1u9’  CPT-30’  CPT’31>  CPT-32’  CPT-34,  SS-1,  SS-2, 
rFmurpS?'n  STh’  ^'6)  at  the  POL  for  the  PurP°se  of  soil  samPle  collection 
‘Si1.!'  Tfe  b°reholes  were  advanced  within  the  area  of  residual  hydrocarbon 

^  T  \alongr  the  PenPhery  of  the  residual  contamination,  upgradient  from  the 

Rn^hn^rr8^1611-1  ffT^the  Slt6’  and  aIong  the  ditch  that  Parallels  Phyliss  Drive. 
Borehole  logs  are  included  in  Appendix  A. 

,  A  s.iagle  S01*  sample  was  collected  from  each  borehole  at  a  depth  of  1  to  10.5  feet 
fnni  ci-iS1X  S01i  samples  the  ditch  were  collected  at  a  depth  of  approximately  1 
tn  HpvpIa1  Sam?  fS  W?re  coIlected  to  evaluate  source  area  soil  contamination  and  extent, 
to  develop  a  relationship  between  LIF  counts  and  total  fuel  hydrocarbon  concentration 

DarallekPhSvi^0nnminat  on  the  Water  ^  along  the  north  bank  of  the  ditch  that 
wem  t  Dnve'  rrf 1Se  Samphng  intervals  at  each  of  the  sampling  locations 

were  selected  to  accomplish  one  or  more  of  these  objectives.  Soil  sampling  was 

samnlinp^i^  soil  from  the  hand-auger  bucket  to  analyte-appropriate 

amplmg  containers.  Sample  containers  were  labeled  with  location,  depth,  date,  time 
and  desired  analyses  and  delivered  to  the  USEPA  mobile  laboratory  USEPA  field 

analysTslfBTEX*  toklV^T?  the.samples  t0  the  NRMRL  in  Acfa,  Oklahoma  for 
analysis  of  BTEX,  total  fuel  hydrocarbons,  TOC,  and  moisture  content. 
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2.7  AQUIFER  TESTING 

Slug  tests  were  conducted  on  three  existing  wells  at  the  site.  Slug  tests  are  single¬ 
well  hydraulic  tests  used  to  determine  the  hydraulic  conductivity  of  an  aquifer  in  the 
immediate  vicinity  of  the  tested  well.  This  information  is  required  to  accurately 
estimate  the  velocity  of  groundwater  and  contaminants  in  the  shallow  saturated  zone. 
Slug  tests  can  be  used  for  both  confined  and  unconfined  aquifers  that  have  a 
transmissivity  of  less  than  7,000  square  feet  per  day  (ft2/day).  Slug  testing  can  be 
performed  using  either  a  rising  head  or  a  falling  head  test.  At  this  site,  two  rising  head 
and  two  falling  head  tests  were  performed  on  each  well.  Slug  tests  were  performed  in 
monitoring  wells  MW-01,  MW-07,  and  GM-44  (Figure  2.3).  Detailed  slug  testing 
procedures  are  presented  in  the  Draft  Technical  Protocol  for  Implementing  the  Intrinsic 
Remediation  with  Long-Term  Monitoring  Option  for  Natural  Attenuation  of  Dissolved- 
Phase  Fuel  Contamination  in  Ground  Water  (Wiedemeier  et  al.,  1995),  hereafter 
referred  to  as  the  Technical  Protocol  document. 

Data  obtained  during  slug  testing  were  analyzed  using  AQTESOLV  software  (G&M, 
1991)and  the  methods  of  Bouwer  and  Rice  (1976)  and  Bouwer  (1989)  for  unconfined 
conditions.  The  results  of  slug  testing  are  presented  in  Section  3.3.2. 

2.8  SURVEYING 

All  site  monitoring  wells,  monitoring  points,  CPT  locations,  soil  sampling  locations, 
and  selected  site  reference  points  were  surveyed  by  DDC  Engineers,  Inc.  of  North 
Myrtle  Beach,  South  Carolina  following  completion  of  all  field  activities.  All 
horizontal  coordinates  and  ground  surface  elevations  were  measured  to  the  nearest  0. 1 
foot  relative  to  a  base  datum.  In  addition,  the  top  of  casing  elevation  (measurement 
datum)  for  wells  and  monitoring  points  was  surveyed  to  the  nearest  0.01  foot. 


2-18 


022/72245 0/M  YRTLE/2 .  DOC 


SECTION  3 

PHYSICAL  CHARACTERISTICS  OF  THE  STUDY  AREA 


This  section  incorporates  data  collected  by  Parsons  ES  in  January  1995  with  data 
documented  in  previous  reports  on  Myrtle  Beach  AFB.  Investigative  techniques  used 
to  determine  the  physical  characteristics  of  the  site  are  discussed  in  Section  2. 

3.1  SURFACE  FEATURES 

3.1.1  Topography  and  Surface  Water  Hydrology 

Myrtle  Beach  AFB  is  located  within  the  Sea  Island  subdivision  of  the  Atlantic 
Coastal  Plain  physiographic  region  (Fenneman  and  Douglas,  1930;  Colguhoun,  1969). 
Landforms  typical  of  this  zone  include  plains  and  hills.  The  hills  lie  along  and  parallel 
to  the  coast;  they  include  sand  dunes  and  wave-cut  scarp  and  ridges.  The  plains  lie 
inland  from  the  hills  and  are  typically  flat.  The  topography  of  the  area  is  the  result  of 
reworked  land-  and  marine-derived  sediments  deposited  during  fluctuations  in  sea  level. 
Typical  elevations  at  the  base  range  from  15  to  25  feet  above  mean  sea  level  (msl) 

(Souza  and  Keistler,  1997).  A  topographic  map  of  the  base  and  the  surrounding  area  is 
presented  in  Figure  3.1. 

Topography  in  the  vicinity  of  the  POL  ranges  from  flat  to  moderately  steep.  In  the 
source  area  along  the  former  fueling  median,  the  topography  is  flat.  Overall 
topography  dips  to  at  a  low  gradient  to  the  south  and  southwest;  however,  the  land 
surface  within  the  bermed  areas  containing  the  ASTs  has  been  reworked  to  be  flat. 
Within  approximately  40  feet  of  the  drainage  ditch  south  of  the  POL,  the  land  surface 
dips  steeply  toward  the  ditch.  To  the  north  of  the  former  fueling  median,  the  land 
surface  remains  relatively  flat  between  the  LNAPL  source  area  and  the  dirt  road 
ordering  the  northern  boundary  of  the  POL  (formerly  a  railroad  embankment). 
Beyond  the  dirt  road,  the  land  falls  away  at  a  moderate  grade  for  approximately  20  feet 
to  a  drainage  ditch. 

Myrtle  Beach  AFB  lies  on  a  strip  of  land  bounded  by  the  Atlantic  Ocean  on  the 
southeast  and  the  Intracoastal  Waterway  on  the  northwest.  This  strip  of  land,  known  as 
It  ^nd  Strand,  consists  of  the  60-mile  section  of  coast  from  Winyah  Bay  to  the 
North  Carolina  border  (Figure  1.1).  The  Intracoastal  Waterway  lies  approximately  1.6 
miles  north-northwest  of  the  POL  and  is  classified  as  fresh  water.  The  Atlantic  Ocean 
lies  approximately  1.7  miles  southeast  of  the  POL.  Crystal  Lake  and  a  wetland  area  lie 
a  little  over  1  mile  southwest  of  the  POL  (Figure  3  1) 
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Denver,  Colorado 


The  Grand  Strand  is  drained  by  a  system  of  streams  and  manmade  waterways. 
Drainage  from  the  base  flows  both  north  and  south,  with  a  drainage  divide 
approximately  through  the  center  of  the  base.  Surface  runoff  from  the  POL  flows  to 
the  south  or  southwest  through  small  swales  and  storm  sewers  to  the  drainage  ditch  that 
borders  the  southern  and  western  sides  of  the  POL.  Surface  water  in  the  drainage  ditch 
flows  to  the  west  and  north.  The  drainage  ditch  discharges  to  the  Intracoastal 
Waterway  approximately  2  miles  downstream  from  the  POL.  The  ditch  south  of  the 
POL  intersects  the  water  table  and  is  known  to  be  a  gaining  surface  water  body  as 
evidenced  by  groundwater  discharge  along  the  banks  of  the  ditch.  During  drier 
months,  it  is  possible  that  the  rate  of  groundwater  discharge  may  decrease  or  that  the 
surface  water  in  the  ditch  may  recharge  the  groundwater. 

Flooding  is  known  to  have  occurred  to  an  approximate  elevation  of  20  feet  during  a 
100-year  flood  event  on  the  Grand  Strand  (ES,  1981).  The  majority  of  the  fenced  area 
of  the  POL  lies  above  the  20-foot  contour  and  would  be  relatively  unaffected  by  a  100- 
year  flood. 

3.1.2  Manmade  Features 

Roughly  half  of  the  POL  area  has  been  heavily  developed.  Approximately  2  of  the 
9.5  acres  within  the  fenced  boundary  of  the  POL  are  occupied  by  the  bermed  areas 
surrounding  the  two  ASTs.  The  berms  are  covered  in  grass;  however,  gravel  covers 
the  land  surface  within  the  bermed  areas.  The  divided  road,  fueling  stations, 
pumphouse,  and  POL  buildings  occupy  approximately  2.5  acres  (Figure  1.3). 
Approximately  0.3  acre  has  been  heavily  disturbed  by  the  former  presence  of  the  two 
25,000-gallon .  USTs  and  the  50,000-gallon  AST.  The  remainder  of  the  POL  is 
relatively  undisturbed  and  is  vegetated  with  grass.  A  few  trees  are  present  in  the 
eastern  comer  of  the  site. 

An  undeveloped  buffer  zone  consisting  of  grassy  fields  and  forests  lie  along  the 
northern,  southern,  and  western  boundaries  of  the  POL.  Third  Street  and  the  MOGAS 
site  (former  motor  pool)  lie  immediately  to  the  east  of  the  POL.  The  former  facilities 
of  the  Myrtle  Beach  Pipeline  Corporation  lie  approximately  500  feet  west  of  the  POL. 
A  waste  fuels  storage  facility,  which  includes  weathering  pit  #1,  lies  approximately  300 
feet  northwest  of  the  POL  (Figure  1.2). 

3.2  REGIONAL  GEOLOGY  AND  HYDROGEOLOGY 

Subsurface  geology  in  the  Myrtle  Beach  area  is  composed  of  Quaternary-,  Tertiary-, 
and  Cretaceous-aged  sediments  (Glowacz  et  al. ,  1980).  In  descending  order,  the 
Quaternary  units  include  undifferentiated  Holocene  sediments,  the  Socastee,  the 
Canepatch,  and  the  Waccamaw  Formations.  These  sediments  are  unconsolidated  in  the 
Myrtle  Beach  area.  The  Tertiary  Bear  Bluff  and  Duplin  Formations  underlie  the 
Quaternary  deposits  and  were  deposited  in  an  open  marine  environment.  The  Duplin 
Formation  appears  as  an  erosional  remnant  of  sandy  limestone  and  calcareous  silty  sand 
of  variable  thickness,  and  may  be  absent  in  some  areas.  Below  these  sediments  in 
order  of  increasing  age  are  the  Upper  Cretaceous-aged  Pee  Dee,  Black  Creek,  and 
Middendorf  Formations.  These  formations  represent  a  regressive  sequence  of  fluvial  to 
estuarine  to  open  marine  depositional  environments. 
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The  regional  strike  in  this  study  area  is  generally  northeast-southwest,  with  the 
formations  gently  dipping  to  the  southeast  (ES,  1981).  This  gentle  dip  is  the  result  of 
regional  downwarping  of  the  basement  rock  and  sediments  along  the  coast.  This 
downwarping  results  in  sedimentary  units  that  tend  to  thicken  downdip  toward  the 
coast.  The  sediments  thin  inland  and  outcrop  in  the  Upper  Coastal  Plain,  west  of 
Myrtle  Beach. 

The  shallow  subsurface  geology  of  the  Myrtle  Beach  area  consists  of  the  Quaternary 
Age  Socastee  Formation  and  its  associated  units:  the  Myrtle  Beach  Barrier  sediments 
and  the  Myrtle  Beach  Backbarrier  sediments  (ES,  1981).  The  Myrtle  Beach  Barrier 
sediments  are  composed  of  well-sorted  fine  to  coarse  dune  sands  with  few  fines.  These 
sediments  are  well  drained  and  highly  permeable.  Groundwater  is  typically 
encountered  at  depths  of  5  feet  bgs  or  less.  The  Myrtle  Beach  Backbarrier  sediments 
are  composed  of  sands  with  interlayered  clays,  silty  sands,  and  clayey  sands  that 
occupy  the  flatlands  behind  the  barrier  zone.  These  sediments  are  typically  deposited 
in  a  lagoonal  or  shallow  estuarine  environment  that  is  periodically  inundated  by 
washover  fans  during  storm  events.  Locally,  the  Backbarrier  sediments  are  underlain 
by  the  Myrtle  Beach  Barrier  sediments.  The  Backbarrier  sediments  generally  have  low 
to  moderate  permeability,  poor  drainage,  and  a  high  water  table  due  the  large  amount 
of  fines  present.  The  Socastee  has  an  abrupt,  irregular,  and  unconformable  contact 
with  the  underlying  Canepatch  Formation.  The  base  of  the  Socastee  is  approximately 
20  feet  below  msl  at  the  coast  and  gradually  grades  upward  to  25  feet  above  msl  at  its 
furthermost  inland  extent,  approximately  9  to  10  miles  to  the  west. 

The  regional  hydrogeology  of  the  Myrtle  Beach  area  consists  of  the  unconfined 
aquifer  and  several  confined  aquifers  at  depth.  The  unconfined  aquifer  consists  of 
approximately  100  feet  of  interlayered  sediments  that  may  include  parts  of  all  of  the 
facies  belonging  to  the  Holocene  Undifferentiated,  Socastee,  Canepatch,  Waccamaw, 
Bear  Bluff,  and  Duplin  Formations.  This  hydrologic  unit  typically  acts  as  a  water  table 
(unconfined)  aquifer,  but  may  be  confined  locally  for  short  distances  (ES,  1981).  The 
water  table  is  usually  encountered  within  5  feet  of  the  ground  surface,  and  the 
unconfined  shallow  aquifer  is  often  used  as  a  source  of  non-potable  and  irrigation 
water.  Recharge  of  the  aquifer  occurs  throughout  the  area  through  infiltration  of 
precipitation  where  permeable  zones  are  exposed.  The  deeper  confined  aquifers  are 
made  up  of  three  separate  units:  the  Pee  Dee,  Black  Creek,  and  Middendorf  Systems, 
fhe  Pee  Dee  and  the  Black  Creek  systems  are  used  extensively  as  a  source  of  potable 
water.  The  Middendorf  is  not  used  as  a  source  of  potable  water  due  to  high 
concentrations  of  chlorides.  Regionally  groundwater  flows  toward  the  Atlantic  Ocean; 
however  the  groundwater  flow  direction  in  the  shallow  unconfined  aquifer  can  be 
effected  by  local  topography  and  surface  water  bodies. 

3.3  SITE  GEOLOGY  AND  HYDROGEOLOGY 

The  vadose  zone  and  alluvial  aquifer  system  at  the  POL  has  been  investigated 
extensively  during  several  investigations.  One  deep  and  four  shallow  monitoring  wells 
were  installed  by  G&M  in  1982  as  a  part  of  IRP  Phase  II  investigations  at  the  location 
of  the  former  fuel  spill  site.  The  entire  POL  Bulk  Fuel  Storage  Site  was  the  subject  of 
investigations  performed  by  Law  (1994)  in  conjunction  with  the  development  of  a 
corrective  action  plan  for  the  POL.  This  investigation  included  the  completion  of  a  77- 
point  soil  gas  survey,  30  hand-augered  boreholes,  and  32  soil  boreholes,  of  which  11 
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were  subsequently  completed  as  shallow  groundwater  monitoring  wells.  As  a  part  of 
the  current  investigation,  CPT/LIF  pushes  were  performed  at  36  locations,  and  8 
additional  soil  boreholes  were  installed. 

3.3.1  Lithology  and  Stratigraphic  Relationships 

Sediments  at  the  POL  site  consist  primarily  of  fine-  to  medium-grained  sands 
interbedded  with  layers  and  lenses  of  clay.  Sands  range  from  silty/clayey  to  well- 
sorted  and  clean,  indicative  of  fluctuating  episodes  of  low-  to  high-energy  depositional 
environments  and  sediment  source  areas.  Thick  zones  of  soft,  plastic  clays  and  sandy 
clays  as  well  as  lenses  of  peaty  materials  are  found  within  the  POL.  Across  the 
majority  of  the  site,  interlayered  sands  and  clays  occur  in  the  top  5  to  10  feet. 
Immediately  below  lies  a  5-  to  13-foot  layer  of  relatively  clean  sand;  however,  thin 
clay  layers  are  still  present.  A  sandy  silt  and/or  clay  layer  with  a  thickness  of 
approximately  20  feet  underlies  the  upper  clean  sands  and  overlies  a  second  interval  of 
relatively  clean  sands.  Beneath  these  sands,  at  a  depth  of  approximately  50  feet  bgs,  a 
geologic  unit  was  encountered  that  could  not  be  penetrated  by  the  CPT.  A  sample  of 
the  material  could  not  be  retrieved,  but  because  of  the  hardness,  the  layer  has 
tentatively  been  identified  as  bluestone,  a  regional  layer  of  very  hard  clay.  Reportedly 
it  is  generally  5  feet  thick  (Holt,  1995). 

In  order  to  illustrate  these  stratigraphic  relationships,  hydrogeologic  sections  have 
been  developed  from  subsurface  data  derived  from  logs  of  previously  installed 
monitoring  wells  and  from  the  January  1995  CPT  investigation.  Figure  3.2  shows  the 
locations  of  these  sections.  Figures  3.3  and  3.4  present  hydrogeologic  sections  A-A’ 
and  B-B  which  are  approximately  perpendicular  to  the  direction  of  groundwater  flow. 

igure  3.5  presents  hydrogeologic  section  C-C’,  which  is  approximately  parallel  to  the 
direction  of  groundwater  flow. 

3.3.2  Groundwater  Hydraulics 
3*3.2. 1  Flow  Direction  and  Gradient 

Groundwater  occurs  at  depths  of  1.5  to  9  feet  across  the  site.  It  is  generally  first 
encountered  in  the  interlayered  clays  and  sands  which  overlie  a  layer  of  relatively  clean 
sand;  however  in  monitoring  well  MW-06,  groundwater  is  first  encountered  in  the 
underlying  sands  (Figure  3.4).  Recharge  of  the  shallow  groundwater  from  precipitation 
is  expected  to  occur  within  unpaved  areas,  which  account  for  the  majority  of  the  area 
or  the  site.  A  summary  of  historical  groundwater  measurements  is  presented  in  Table 
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TABLE  3.1 

SUMMARY  OF  GROUNDWATER  LEVEL  MEASUREMENTS 
POL  BULK  FUEL  STORAGE  AREA 
INTRINSIC  REMEDIATION  CAS 
MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Easting 

Northing 

Datum 

Elevation 
(ft  msl) b/ 

Depth 
to  Water 
(ft  btoc) d 

Depth  to 
Product 
(ft  btoc) 

Product 

Thickness 

(feet) 

Corr.  Depth 
to  Water  * 
(ft  btoc) 

Corr.  GW 

Elevation 
(ft  msl) 

MW-01 

Apr-94 

251323.89 

2626079.67 

25.13 

5.32 

_  d/ 

. 

5.32 

19.81 

1/9/95 

24.62 

4.17 

- 

4.17 

20.45 

1/18/95 

24.62 

4.08 

- 

- 

4.08 

20.54 

MW-02 

Apr-94 

250975.16 

2625297.17 

24.59 

8.51 

_ 

_ 

8.51 

16.08 

1/9/95 

24.04 

6.39 

- 

- 

6.39 

17.65 

1/18/95 

24.04 

5.21 

- 

- 

5.21 

18.83 

MW-03 

Apr-94 

250921.43 

2625436.55 

24.97 

7.88 

_ 

7.88 

17.09 

1/9/95 

24.42 

5.67 

- 

- 

5.67 

18.75 

1/18/95 

24.42 

4.91 

- 

- 

4.91 

19.51 

MW-04 

Apr-94 

251037.07 

2625687.92 

26.17 

8.91 

Product  present 

8.91 

17.26 

1/9/95 

25.64 

7.91 

6.88 

1.03 

7.14 

18.50 

1/18/95 

25.64 

8.02 

6.27 

1.75 

6.71 

18.93 

MW-05 

Apr-94 

251191.26 

2625950.52 

24.09 

5.80 

Product  present 

5.80 

18.29 

1/9/95 

24.93 

6.15 

2.32 

3.83 

3.28 

21.65 

1/18/95 

24.93 

6.24 

2.07 

4.17 

3.11 

21.82 

MW -06 

Apr-94 

250591.99 

2625810.65 

25.52 

11.89 

_ 

_ 

11.89 

13.63 

1/9/95 

24.98 

11.46 

- 

- 

11.46 

13.52 

1/18/95 

24.98 

11.24 

- 

- 

11.24 

13.74 

MW-07 

Apr-94 

250568.45 

2625497.88 

24.67 

9.44 

_ 

9.44 

15.23 

1/9/95 

23.86 

7.28 

- 

- 

7.28 

16.58 

1/18/95 

23.86 

6.36 

- 

- 

6.36 

17.50 

MW-08 

Apr-94 

250486.05 

2625790.08 

23.69 

9.48 

9.48 

14.21 

1/9/95 

23.11 

8.91 

- 

- 

8.91 

14.20 

1/18/95 

23.11 

8.75 

- 

- 

8.75 

14.36 

MW -09 

Apr-94 

250439.45 

2625435.55 

22.24 

7.39 

_ 

7.39 

14.85 

1/9/95 

21.70 

6.24 

- 

- 

6.24 

15.46 

1/18/95 

21.70 

5.99 

- 

- 

5.99 

15.71 
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TABLE  3.1  (Continued) 

SUMMARY  OF  GROUNDWATER  LEVEL  MEASUREMENTS 
POL  BULK  FUEL  STORAGE  AREA 
INTRINSIC  REMEDIATION  CAS 
MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Datum  Depth  Depth  to  Product  Corr.  Depth  Corr.  GW 
Sample  Sample  Elevation  to  Water  Product  Thickness  to  Water  ^  Elevation 


Location 

Date  Easting 

Northing 

(ft  msl)  w 

(ft  btoc)  ^ 

(ft  btoc) 

(feet) 

(ft  btoc) 

(ft  msl) 

MW-10 

Apr-94  250633.00 

2625353.34 

23.25 

8.75 

8.75 

14.50 

1/9/95 

22.68 

7.76 

_ 

_ 

7.76 

14.92 

1/18/95 

22.68 

7.47 

- 

7.47 

15.21 

MW-11 

Apr-94  250568.27 

2625637.04 

26.05 

11.65 

11.65 

14.40 

1/9/95 

25.47 

10.89 

- 

. 

10.89 

14.58 

1/18/95 

25.47 

10.67 

- 

- 

10.67 

14.80 

GM-33 

Apr-94  251026.79 

2625969.00 

24.51 

4.52 

4.52 

19.99 

1/9/95 

23.97 

2.67 

_ 

_ 

2.67 

21.30 

1/18/95 

23.97 

2.50 

- 

2.50 

21.47 

GM-34 

Apr-94  250915.70 

2625947.66 

24.64 

5.59 

5.59 

19.05 

1/9/95 

24.11 

3.72 

- 

_ 

3.72 

20.39 

1/18/95 

24.11 

3.35 

- 

- 

3.35 

20.76 

GM-35 

Apr-94  250922.19 

2625876.25 

23.43 

4.49 

4.49 

18.94 

1/9/95 

22.90 

2.55 

• 

2.55 

20.35 

1/18/95 

22.90 

2.37 

- 

- 

2.37 

20.53 

GM-36 

Apr-94  250773.02 

2625937.65 

22.89 

5.46 

5.46 

17.43 

1/9/95 

22.31 

3.13 

- 

- 

3.13 

19.18 

1/18/95 

22.31 

2.42 

- 

- 

2.42 

19.89 

GM-44 

1/9/95  250917.20 

2625881.35 

22.64 

6.38 

6.38 

16.26 

1/18/95  250917.20 

2625881.35 

22.64 

6.07 

- 

- 

6.07 

16.57 

MP-8S 

1/18/95  251097.92 

2625906.80 

22.69 

2.01 

- 

2.01 

20.68 

MP-10S 

1/18/95  251225.72 

2626113.85 

23.00 

1.50 

- 

- 

1.50 

21.50 

MP-12D 

1/18/95  251345.60 

2625910.43 

21.19 

4.74 

- 

- 

4.74 

16.45 

MP-15S 

1/18/95  250940.56 

2625127.05 

20.70 

3.64 

- 

- 

3.64 

17.06 

MP-16S 

1/18/95  251090.08 

2625328.50 

20.97 

3.26 

- 

3.26 

17.71 

MP-I7S 

1/18/95  250630.71 

2625954.04 

22.26 

6.59 

_ 

_ 

6.59 

15.67 
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TABLE  3.1  (Continued) 

SUMMARY  OF  GROUNDWATER  LEVEL  MEASUREMENTS 
POL  BULK  FUEL  STORAGE  AREA 
INTRINSIC  REMEDIATION  CAS 
MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample  Sample 

Location  Date  Eastine 

Northing 

Datum 

Elevation 
(ft  msl) b/ 

Depth 
to  Water 
(ft  btoc)  d 

Depth  to 
Product 
(ft  btoc) 

Product 

Thickness 

(feet) 

Corr.  Depth  Corr.  GW 
to  Water 87  Elevation 
(ft  btoc'i  (f\  men 

MP-18M  1/18/95  250602.87 

2625814.41 

22.79 

8.19 

- 

8.19 

\  -  — / 

14.60 

MP-19S 

1/18/95  250581.29 

2625731.59 

23.03 

8.86 

- 

- 

8.86 

14.17 

MP-19M  1/18/95  250581.68 

2625732.80 

22.99 

8.01 

- 

- 

8.01 

14.98 

MP-19D 

1/18/95  250582.07 

2625733.89 

23.02 

6.35 

- 

- 

6.35 

16.67 

MP-20S 

1/18/95  250539.40 

2625614.53 

21.70 

6.84 

- 

- 

6.84 

14.86 

MP-21S 

1/18/95  250796.72 

2625331.86 

20.17 

1.33 

- 

- 

1.33 

18.84 

MP-22S 

1/18/95  250680.11 

2625433.08 

19.29 

3.51 

- 

- 

3.51 

15.78 

MP-23S 

1/18/95  250556.31 

2625387.02 

16.90 

1.67 

- 

- 

1.67 

15.23 

MP-24S 

1/18/95  250664.23 

2626096.48 

21.80 

5.85 

- 

- 

5.85 

15.95 

MP-27M 

1/18/95  250493.29 

2625259.34 

19.90 

4.58 

- 

- 

4.58 

15.32 

MP-28M 

1/18/95  250444.65 

2625402.37 

19.70 

4.19 

- 

- 

4.19 

15.51 

MP-30S 

1/18/95  251025.12 

2625815.50 

22.24 

2.49 

- 

- 

2.49 

19.75 

MP-30D 

1/18/95  251023.23 

2625816.45 

22.19 

5.70 

- 

- 

5.70 

16.49 

MP-31D 

1/18/95  251031.68 

2625675.99 

23.23 

6.77 

- 

- 

6.77 

16.46 

MP-32D 

1/18/95  251177.87 

2625951.92 

21.83 

5.36 

- 

5.36 

16.47 

MP-33D 

1/18/95  250419.57 

2625936.30 

20.39 

3.73 

- 

- 

3.73 

16.66 

MP-34S 

1/18/95  250339.47 

2625618.48 

18.95 

3.03 

- 

3.03 

15.92 

MP-34D 

1/18/95  250340.57 

2625620.77 

18.91 

2.99 

- 

2.99 

15.92 

MP-35D 

1/18/95  250148.25 

2625525.53 

20.26 

3.55 

- 

_ 

3.55 

16.71 
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TABLE  3.1  (Concluded) 

SUMMARY  OF  GROUNDWATER  LEVEL  MEASUREMENTS 
POL  BULK  FUEL  STORAGE  AREA 
INTRINSIC  REMEDIATION  CAS 
MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Sample 

Location 

Sample 

Date 

Easting 

Northing 

Datum 

Elevation 
(ft  msl)  b/ 

Depth 
to  Water 
(ft  btoc) d 

Depth  to 
Product 
(ft  btoc) 

Product 

Thickness 

(feet) 

Corr.  Depth  Corr.  GW 
to  Water  Elevation 
(ft  btoc)  (ft  msl) 

MP-36S 

1/18/95 

250696.25 

2625743.92 

20.79 

2.69 

- 

- 

2.69 

18.10 

MP-36D 

1/18/95 

250695.62 

2625742.64 

20.78 

4.11 

- 

- 

4.11 

16.67 

MW-49 

1/18/95 

3.46 

- 

- 

3.46 

-3.46 

MW-50 

1/18/95 

2.58 

- 

- 

2.58 

-2.58 

^  Corrected  Depth  to  Water  =  Measured  Depth  to  Water  -  (0.75  x  Product  Thickness), 
ft  msl  =  Feet  above  mean  sea  level, 
ft  btoc  —  Feet  below  top  of  casing. 

^  Not  Available. 
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Shallow  groundwater  flow  is  controlled  by  ditches  that  bound  the  POL  on  the  north, 
south,  and  west,  in  conjunction  with  climatic  conditions.  The  westerly  flowing  ditch 
south  of  the  site  bends  to  the  north  and  lies  approximately  300  feet  beyond  the  western 
boundary  of  the  POL.  A  ditch  that  drains  the  bermed  areas  around  the  ASTs  enters 
this  ditch  at  the  bend,  southwest  of  the  POL  (Figure  1.2).  The  ditch  that  flows  along 
the  northern  boundary  of  the  POL  joins  the  other  ditch  to  the  northwest  of  the  POL.  A 
contour  map  of  the  shallow  groundwater  table,  as  measured  on  January  18,  1995,  is 
presented  in  Figure  3.6.  This  map  is  representative  of  exceptionally  high  groundwater 
conditions,  as  over  10  inches  of  rain  had  fallen  since  the  beginning  of  the  new  year. 

Groundwater  divides  have  been  added  to  Figure  3.6,  and  the  corresponding  drainage 
areas  are  labeled  A  through  D.  Drainage  area  A  discharges  to  the  westerly  flowing 
ditch  south  of  the  site;  drainage  area  B  discharges  to  the  westerly  flowing  ditch  north  of 
the  site;  drainage  area  C  discharges  to  the  northerly  flowing  ditch  west  of  the  site;  and 
drainage  area  D  discharges  to  the  ditch  that  drains  the  bermed  areas  surrounding  the 
ASTs.  The  locations  of  groundwater  divides  at  this  site  are  expected  to  vary  with 
climatic  conditions.  For  instance,  as  a  result  of  the  heavy  precipitation  in  January 
1995,  groundwater  was  discharging  to  the  ditch  that  drains  the  bermed  areas 
surrounding  the  ASTs.  Under  typical  conditions,  this  ditch  would  not  be  expected  to 
act  as  a  discharge  point  for  groundwater.  The  resulting  restructuring  of  the 
groundwater  table  is  expected  to  direct  groundwater  from  drainage  area  D  into  drainage 
area  A.  Furthermore,  it  is  suspected  that  the  ditch  north  of  the  site  may  not  serve  as  a 
groundwater  discharge  location  throughout  the  year.  If  this  is  the  case,  then  the 
direction  of  shallow  groundwater  flow  in  drainage  area  B  would  be  expected  to  change 
from  the  northwest  to  the  south  and  west. 

The  majority  of  the  site,  including  the  area  of  greatest  petroleum  contamination, 
falls  within  drainage  area  A;  therefore,  shallow  groundwater  across  the  majority  of  the 
site  ultimately  flows  south  and  potentially  discharges  to  the  ditch.  During  more  typical 
climatic  conditions,  shallow  groundwater  across  an  even  larger  portion  of  the  site  is 
expected  to  flow  south  toward  the  ditch.  Groundwater  gradients  within  drainage  area  A 
were  estimated  at  approximately  0.0025  foot  per  foot  (ft/ft)  to  0.044  ft/ft.  Near  the 
source  area,  the  gradient  is  approximately  0.01  ft/ft.  The  gradient  along  the  entire 
flowpath  from  the  source  area  to  the  ditch  also  averages  approximately  0.01  ft/ft. 

Water  levels  measured  in  wells  and  monitoring  points  screened  below  the  sandy 
silt/ clay  layer  (depths  of  greater  than  30  feet  bgs)  suggest  that  groundwater  in  this  unit 
flows  to  the  northwest  at  an  extremely  low  gradient  of  0.0002  ft/ft.  A  contour  map  of 
the  groundwater  potentiometric  surface  below  the  sandy  silt/clay  layer  is  presented  in 
Figure  3.7. 

January  1995  measurements  of  water  levels  for  clustered  wells  suggest  that  a 
downward  vertical  gradient  exists  across  the  majority  of  the  site,  including  the  source 
area;  however,  an  upward  vertical  gradient  is  present  along  the  ditch  south  of  the  POL. 
Within  the  source  area,  downward  vertical  gradients  ranging  from  0. 12  to  0.25  ft/ft 
were  computed  from  water  level  measurements  at  three  well  and  monitoring  point 
clusters.  Along  the  ditch,  upward  vertical  gradients  of  0.09  and  0.1  ft/ft  were 
computed  from  water  level  measurements  at  two  well  and  monitoring  point  clusters.  A 
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downward  vertical  gradient  of  0.05  ft/ft  was  calculated  at  the  cluster  MP-36S  and  MP- 
36D.  This  cluster  is  located  along  the  boundary  of  the  POL  on  the  flow  path  between 
the  source  area  and  the  ditch.  The  distribution  of  vertical  gradients  is  presented  on 
Figure  3.7.  The  steep  downward  vertical  gradient  in  the  source  area  and  the  upward 
gradient  along  the  ditch  can  be  observed  on  Figure  3.8,  which  shows  the  groundwater 
potentiometric  surface  along  cross-section  C-C\ 

The  calculated  vertical  gradients  are  expected  to  have  been  impacted  by  the 
unusually  large  quantity  of  rainfall  in  the  weeks  preceding  the  groundwater  level 
measurements.  The  percolation  of  rainwater  through  the  soil  increases  shallow 
groundwater  elevations,  which  imposes  a  downward  vertical  gradient.  For  this  reason, 
the  magnitude  of  calculated  vertical  gradients  is  expected  to  normally  be  lower  in  the 
source  area  and  higher  along  the  ditch.  The  effect  of  the  elevated  groundwater  levels 
can  be  observed  on  Figure  3.8.  In  the  source  area,  the  higher  groundwater  levels  result 
in  a  steep  vertical  gradient  in  the  upper  portion  of  the  sandy  silt/clay  layer.  Near  the 
ditch,  the  higher  groundwater  elevations  in  the  shallow  groundwater  result  in  a  steep 
horizontal  gradient  between  monitoring  points  MP-19S  and  MP-36S. 

3. 3. 2. 2  Hydraulic  Conductivity 

Parsons  ES  estimated  the  hydraulic  conductivity  at  wells  MW-01,  MW-07,  and  GM- 
44  using  rising  head  slug  tests  and  the  methods  of  Bouwer  and  Rice  (1976),  as 
described  in  Section  2.7.  The  results  of  these  slug  tests  are  summarized  in  Table  3.2. 
The  average  site  hydraulic  conductivity  as  determined  from  these  tests  is  3.3  feet  per 
day  (ft/day).  The  average  of  the  two  wells  screened  across  the  shallow  water  table 
(MW-01  and  MW-07)  is  1.8  ft/day. 

In  April  1994,  Law  performed  slug  tests  at  monitoring  wells  MW-01  through  MW- 
11.  Computed  hydraulic  conductivities  ranged  from  0.23  to  7.96  ft/day,  with  an 
average  conductivity  of  2.8  ft/day.  Each  of  these  wells  is  screened  near  or  across  the 
water  table  within  sand  and/or  silty  sand.  Because  the  historic  and  current  hydraulic 
conductivity  measurements  for  wells  MW-01  and  MW-07  are  similar  in  magnitude 
(Table  3.2),  the  historic  hydraulic  conductivity  results  from  all  11  wells  are  expected  to 
be  representative  of  site  conditions.  Therefore,  average  hydraulic  conductivity  for  the 
1 1  wells  tested  by  Law  was  used  as  an  initial  average  hydraulic  conductivity  for  the  site 

in  groundwater  models  (approximately  2.8  ft/day). 


3. 3.2. 3  Effective  Porosity 

Because  of  the  difficulty  involved  in  accurately  determining  effective  porosity, 
accepted  literature  values  for  the  type  of  soil  comprising  the  shallow  saturated  zone 
were  used.  Walton  (1988)  gives  ranges  of  effective  porosity  for  fine  sand  of  0.1  to 
0.3.  Because  the  presence  of  fines  tends  to  decrease  the  effective  porosity,  and  because 
lower  effective  porosities  result  in  higher  computed  advective  groundwater  velocities, 
an  effective  porosity  of  0.2  was  assumed  for  this  project. 
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TABLE  3.2 

SLUG  TEST  RESULTS 
POL  BULK  FUEL  STORAGE  AREA 
INTRINSIC  REMEDIATION  CAS 
MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


WELL 

(Type  of  Test) 

HYDRAULIC 
CONDUCTIVITY 
(Parsons  ES, 
11/94) 
(ft/min) 

HYDRAULIC 
CONDUCTIVITY 
(Parsons  ES, 
11/94) 
(ft/day) 

HYDRAULIC 
CONDUCTIVITY 
(Law,  4/94) 

(ft/day) 

MW-01  (avg.  rising) 

0.00216  . 

3.11 

3.10 

MW-01  (avg.  falling) 

0.00143 

2.06 

MW-02 

1.65 

MW-03 

0.23 

MW-04 

1.61 

MW-05 

0.49 

MW-06 

5.00 

MW-07  (avg.  rising) 

0.000575 

0.83 

0.47 

MW-07  (avg.  falling) 

0.000561 

0.81 

MW-08 

7.96 

MW-09 

1.58 

MW-10 

5.59 

MW- 11 

2.80 

GM-44  (avg.  rising) 

0.00453 

6.53 

GM-44  (avg.  falling) 

0.00413 

5.95 

AVERAGE 

0.0022 

3.2 

2.8 
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3.3.2.4  Advective  Groundwater  Velocity 


The  advective  velocity  of  groundwater  in  the  direction  parallel  to  groundwater  flow 
is  given  by: 

-  KdH 

v  = - 

dL 

Where:  v  =  Average  advective  groundwater  velocity  (seepage  velocity) 

K  =  Hydraulic  conductivity  (2.8  ft/day) 
dH/dL  =  Gradient  (0.01  ft/ft) 
nc  =  Effective  porosity  (0.2). 

Using  this  relationship  in  conjunction  with  site-specific  data,  the  average  advective 
groundwater  velocity  at  the  site  in  January  1995,  was  0.14  ft/day,  or  approximately  51 
feet  per  year  (ft/yr). 

3.3.2. 5  Preferential  Flow  Paths 

A  preferential  flow  path  has  been  identified  at  the  site  on  the  basis  of  groundwater 
elevations  (Figure  3.6).  Shallow  groundwater  across  the  majority  of  the  site  flows 
toward  a  trough  that  extends  from  the  former  fuel  pumphouse,  beneath  the  1,050,000- 
gallon  AST,  past  well  MW-06,  to  an  area  of  groundwater  seeps  along  the  northern  edge 
of  the  ditch  that  parallels  Phyliss  Drive.  Evidence  of  this  trough  can  be  observed  on 
the  hydrogeologic  cross-sections  (Figures  3.3,  3.4,  and  3.5).  Cross-section  C-C’  traces 
the  length  of  the  trough,  and  as  expected,  the  water  table  steadily  declines  from  the 
source  area  to  the  ditch.  Cross-sections  A- A’  and  B-B’,  however,  each  show  a  dip  in 
the  water  table  at  the  approximate  location  of  the  trough.  A  subtle  dip  occurs  at  the 
MP-3 1D/MW-04  cluster  on  cross-section  A-A\  A  well-defined  dip  in  the  water  table 
is  evident  at  MW-06  on  cross-section  B-B’.  The  trough  probably  developed  at  this 
location  because  the  sands  occur  at  a  shallower  depth  and  because  the  clay  layer  is 
thinner. 

A  second  interesting  hydrogeologic  relationship  that  contributes  to  contaminant 
migration  from  the  source  area  to  the  ditch  can  be  observed  on  cross-section  A- A’ 
(Figure  3.3).  The  shallow  clay  layer  that  restricts  vertical  contaminant  migration  near 
the  surface  across  most  of  the  site  was  not  observed  in  the  vicinity  of  CPT-37  and  MP- 
32D.  As  a  result,  mobile  LNAPL  at  these  locations  has  a  relatively  unimpeded  path  to 
the  underlying,  higher-conductivity  sands,  which  discharge  to  the  ditch  south  of  the 
POL. 

3.3.3  Groundwater  Use 

The  Myrtle  Beach  AFB  potable  water  supply  is  derived  from  four  deep  water  supply 
wells  (wells  1,  2,  3,  and  5)  screened  in  the  Pee  Dee-Black  Creek  aquifer  system.  This 
aquifer  system  is  the  most  important  source  of  groundwater  in  the  Myrtle  Beach  area, 
and  is  used  for  municipal,  industrial,  and  domestic  water  supplies.  The  aquifer  is 
recharged  principally  at  formation  outcrops  located  several  miles  inland  from  Myrtle 
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Beach.  Locally,  the  aquifer  system  is  confined.  Former  supply  well  4  has  been  closed 
and  capped  (US  Air  Force,  1993).  Each  active  well  has  a  pumping  capacity  of  400  to 
450  gallons  per  minute  and  is  equipped  with  a  chlorinator.  Given  the  substantial  depth 
to  the  Pee  Dee-Black  Creek  aquifer  system,  it  is  unlikely  that  shallow  contamination 
would  migrate  to  these  aquifers.  According  to  ES  (1981),  the  closest  active  deep  well 
(well  1)  is  located  along  Third  Street  adjacent  to  the  site.  Eventually,  the  Base  will  be 
connected  to  the  Myrtle  Beach  municipal  water  supply  system,  and  the  current  Base 
wells  will  be  used  for  emergency  water  supplies,  only. 

Users  of  the  unconfined  shallow  groundwater  aquifer  were  not  identified  within  1 
mile  of  the  site.  Where  this  aquifer  is  pumped,  the  groundwater  is  typically  used  as  a 
non-potable  or  irrigation  supply  because  the  water  contains  too  much  iron,  chloride, 
and  other  minerals  for  potable  use  (Fitzgibbon,  1995). 

3.4  CLIMATE 

The  climate  along  the  coast  of  South  Carolina  is  moderated  by  the  Gulf  Stream 
current,  which  brings  warm  water  from  the  Gulf  of  Mexico.  The  temperatures  are 
fairly  mild,  with  a  mean  annual  maximum  of  72  degrees  Fahrenheit  (”F)  and  a  mean 
annual  minimum  of  53°F.  The  relative  humidity  averages  about  88  percent  at  4  a.m. 
and  62  percent  at  1  p.m.  Precipitation  averages  49.8  inches  per  year  with 
approximately  107  days  of  precipitation  each  year.  Although  precipitation  is  spread 
fairly  evenly  throughout  the  year,  maximum  precipitation  typically  occurs  during  the 
summer  months  (July  through  September).  The  mean  annual  wind  speed  is  6  knots 
(Detachment  3,  3rd  Weather  Wing,  1942-1947  and  1949-1981). 


3-21 


022/72245 0/M  YTRLE/3 .  DOC 


SECTION  4 


NATURE  AND  EXTENT  OF  CONTAMINATION  AND  SOIL  AND 
GROUNDWATER  GEOCHEMISTRY 


4.1  SOURCE  OF  CONTAMINATION 

The  largest  source  of  contamination  at  the  POL  site  has  been  identified  along  the 
fueling  island  between  CPT-6  and  CPT-11  (Figure  2.1).  It  is  suspected  that  numerous 
spills  and  leaks  throughout  the  fuel  distribution  system  resulted  in  the  identified 
contamination.  Individual  components  of  the  fuel  distribution  system  include:  fuel 
pipelines,  the  main  pumphouse,  auxiliary  pumps,  fuel  dispensers,  and  sumps. 
Contaminated  soils  and  stressed  vegetation  are  not  apparent  at  the  surface;  however, 
mobile  LNAPL  has  been  observed  in  a  pipeline  valve  vault  and  adjacent  overfill  tank. 
A  second  source  of  contamination  was  identified  at  the  oil/water  separator  located 
south-southeast  of  the  ASTs  (Figure  1.3).  The  oil/water  separator  serviced  runoff  from 
the  bermed  areas  surrounding  the  ASTs. 

4.2  SOIL  CHEMISTRY 

4.2.1  Mobile  LNAPL  Contamination 

Mobile  LNAPL  is  defined  as  the  LNAPL  that  is  free  to  flow  in  the  aquifer  and  that 
will  flow  from  the  aquifer  matrix  into  a  well  under  the  influence  of  gravity.  Mobile 
LNAPL  has  been  observed  and  recovered  along  the  former  fueling  median  at  wells 
MW-03  and  MW-04,  a  pipeline  valve  vault,  and  an  overfill  tank.  The  LIF  component 
of  the  CPT  was  used  to  indirectly  evaluate  the  extent  of  LNAPL  in  the  area  of  the 
former  fuel  distribution  systems.  The  extent  of  mobile  LNAPL  is  estimated  to  extend 
along  most  of  the  length  of  the  fueling  median  and  to  both  the  north  and  south  of  the 
median.  In  addition,  it  is  predicted  that  mobile  LNAPL  has  entered  the  preferential 
groundwater  flow  trough  that  extends  beneath  the  1,050,000-gallon  AST,  as  described 
m  Section  3. 3. 2. 5.  The  area  of  suspected  mobile  LNAPL  is  identified  on  Figure  4.1. 
It  is  important  to  explain  that  the  LIF  does  not  differentiate  between  residual  and 
mobile  LNAPL;  therefore,  the  area  of  identified  mobile  LNAPL  is  an  interpretation  of 
LIF  fluorescence  intensity .  The  actual  area  of  mobile  LNAPL  may  be  either  somewhat 
larger  or  smaller  in  extent. 

Concentrations  of  BTEX  constituents  in  the  mobile  LNAPL  were  quantitated  using 
samples  of  LNAPL  collected  from  monitoring  wells  MW-04  and  MW-05  in  January 
.  Concentrations  of  BTEX  in  these  samples  indicated  that  the  petroleum  product 
comprising  the  LNAPL  plume  in  this  area  is  slightly  weathered.  Table  4.1  compares 
BTEX  concentrations  in  fresh  JP-4  to  those  observed  in  LNAPL  from  the  two  wells. 
Compared  to  JP-4,  the  LNAPL  is  slightly  weathered  with  respect  to  most  BTEX 
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compounds;  however,  concentrations  of  p-xylene  and  ethylbenzene  in  the  sample  from 
MW-05  were  elevated  with  respect  to  fresh  JP-4.  Some  gasoline  and  diesel  fuel  were 
stored  at  the  POL;  therefore,  it  is  possible  that  the  LNAPL  contains  some  gasoline 
and/or  diesel  fuel  as  well  as  JP-4. 

TABLE  4.1 

FREE  PRODUCT  RESULTS 
POL  BULK  FUEL  STORAGE  AREA 
INTRINSIC  REMEDIATION  CAS 
MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


COMPOUND 

CONCENTRATION 
IN  FRESH  JP-4  * 
(mg/L)* 

CONCENTRATION 
IN  PRODUCT 
FROM  MW -04  w 
(mg/L) 

CONCENTRATION 
IN  PRODUCT 
FROM  MW-05  b/ 
(mg/L) 

CONCENTRATION 
IN  PRODUCT 
FROM  GP-4  b/ 
(mg/L) 

Benzene 

3,750 

3,060 

1,490 

677 

Toluene 

9,975 

8,980 

4,870 

1,370 

Ethylbenzene 

2,775 

2,030 

3,190 

3,510 

o-Xylene 

7,575 

2,760 

3,150 

2,220 

m-Xylene 

7,200 

4,590 

6,980 

8,010 

/7-Xylene 

2,625 

1,890 

2,780 

3,050 

Total  Xylenes 

at  _ 

17,400 

9,240 

12,910 

13,280 

*  Data  from  Martel  (1987). 

Analyzed  by  USEPA  NRMRL  using  a  gas  chromatograph/mass  spectrometer  (GC/MS). 
mg/L  =  Milligrams  per  liter. 


The  relationship  between  measured  LNAPL  thickness  and  the  amount  of  mobile 
LNAPL  in  the  subsurface  at  a  site  is  extremely  difficult  to  quantify.  It  is  well 
documented  that  LNAPL  thickness  measurements  taken  in  groundwater  monitoring 
wells  are  not  indicative  of  actual  mobile  LNAPL  thicknesses  in  the  formation  (de 
Pastrovich  et  al,  1979;  Blake  and  Hall,  1984;  Hall  et  al,  1984;  Hughes  et  al,  1988; 
Abdul  et  al,  1989;  Testa  and  Paczkowski,  1989;  Kemblowski  and  Chiang,  1990; 
Lehnard  and  Parker,  1990;  Mercer  and  Cohen,  1990;  Ballestero  et  al.,  1994).  It  has 
been  noted  by  these  authors  that  the  thickness  of  LNAPL  measured  in  a  monitoring 
well  is  greater  than  the  actual  mobile  LNAPL  thickness  present  in  the  aquifer  and, 
according  to  Mercer  and  Cohen  (1990),  measured  LNAPL  thickness  in  wells  is 
typically  2  to  10  times  greater  than  the  actual  mobile  LNAPL  thickness  in  the 
formation.  Furthermore,  only  a  fraction  of  the  mobile  LNAPL  may  be  recoverable, 
because  as  mobile  LNAPL  is  recovered,  formerly  mobile  LNAPL  can  lose  its  mobility. 

Mobile  UNAPL  was  also  observed  at  the  temporary  monitoring  point  identified  as 
GP-4.  This  point  is  located  adjacent  to  the  oil/water  separator  southwest  of  the  smaller 
AST  (Figure  1.3).  The  diameter  of  the  monitoring  point  was  insufficient  to 
accommodate  the  oil/water  interface  probe,  so  product  thickness  could  not  be 
measured;  however,  the  only  liquid  that  could  be  obtained  from  the  point  was  a  small 
quantity  of  free  product.  The  area  of  mobile  LNAPL  is  believed  to  originate  at  the 
oil/water  separator  and  extend  eastward  (Figure  4.1).  Benzene  and  toluene 
concentrations  have  been  weathered  with  respect  to  fresh  JP-4;  however,  concentrations 
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of  ethylbenzene  and  xylenes  are  slightly  higher  than  for  typical  fresh  JP-4,  possibly  as  a 
result  of  the  decreased  fraction  of  the  other  BTEX  constituents. 

4.2.2  Residual  Contamination 

Residual  LNAPL  is  defined  as  the  LNAPL  that  is  trapped  in  the  aquifer  by  the 
processes  of  cohesion  and  capillarity,  and  therefore  will  not  flow  within  the  aquifer  and 
will  not  flow  from  the  aquifer  matrix  into  a  well  under  the  influence  of  gravity.  At  this 
site,  the  residual  LNAPL  consists  of  fuel  hydrocarbons  primarily  derived  from  JP-4. 
The  following  sections  describe  the  residual  LNAPL  contamination  found  at  the  site. 

4.2.2. 1  LIF  Data 

LIF  and  analytical  soil  data  collected  during  CPT  activities  indicate  that  petroleum 
hydrocarbons  are  present  in  soil  in  the  shaded  areas  depicted  on  Figure  4.1.  North  of 
the  ditch  along  Phyliss  Drive,  every  location  with  a  laser  fluorescence  intensity  of 
1,000  counts  or  greater  is  included  within  the  area  of  residual  soil  contamination.  As 
all  soils  fluoresce  at  varying  background  levels,  a  varying  soil  matrix  can  result  in 
fluctuating  fluorescence  intensities.  When  a  fluctuation  occurs  gradually  or  is  not 
elevated  much  above  background  soil  levels,  the  fluctuation  can  be  difficult  to 
distinguish  from  a  small  increase  in  fluorescence  caused  by  hydrocarbons;  therefore, 
results  with  laser  fluorescence  intensities  of  300  to  500  counts  were  used  in  conjunction 
with  soil,  groundwater,  and  soil  gas  analytical  results  to  define  the  boundaries  of  the 
area  of  residual  soil  contamination.  Two  laser  fluorescence  intensities  of  over  2,000 
counts  were  detected  at  locations  south  of  the  ditch.  Confirmation  soil  samples 
indicated  that  fluorescence  at  both  locations  resulted  from  layers  of  peaty  material. 

The  majority  of  the  residual  LNAPL  resides  within  the  capillary  fringe  zone  at  the 
top  of  the  water  table  and  has  a  thickness  of  1  to  3  feet.  Within  the  source  area, 
residual  contamination  has  been  identified  over  thicknesses  as  great  as  5  feet  on  the 
basis  of  LIF  measurements  The  water  table  varies  across  the  site  from  approximately  2 
to  9  feet  bgs. 

At  only  one  location,  CPT-8,  was  a  dissolved  groundwater  concentration  of  more 
than  100  micrograms  per  liter  (pg/L)  total  BTEX  detected  where  the  LIF  did  not  record 
a  fluorescence  intensity  above  background.  This  situation  is  suspected  to  have  arisen 
from  the  removal  of  contaminated  soils  from  the  area  during  the  recent  removal  of 
USTs  formerly  located  immediately  to  the  south.  If  a  monitoring  point  had  been 
installed  at  CPT-9,  similar  results  would  have  been  expected.  As  a  result  of  the  UST 
removal,  the  line  denoting  the  extent  of  residual  soil  contamination  has  been  placed  just 
beyond  the  suspected  extent  of  the  recent  UST  excavation  area. 

4.2.2.2  Soil  BTEX  and  Fuel  Hydrocarbon  Contamination 

Sixteen  soil  samples  were  collected  at  14  locations  at  the  POL  and  analyzed  for 
BTEX  by  the  USEPA/NRMRL.  Detectable  levels  of  BTEX  compounds  were  analyzed 
in  six  of  the  samples.  Strong  fuel  odors  also  were  observed  during  collection  of  the 
five  soil  samples  with  the  highest  total  BTEX  concentrations.  All  six  samples  are 
located  within  the  estimated  extent  of  residual  soil  contamination  and  were  collected  to 
confirm  results  of  the  LIF  investigation.  Seven  of  the  eight  remaining  soil  samples 

4-4 


022/722450/MYRTLE/4 .  DOC 


were  collected  beyond  the  extent  of  residual  soil  contamination  (Figure  4.1).  The 
eighth  sample  was  collected  from  shallow  soils  (1.5  feet  bgs)  at  CPT-30.  This  sample 
was  collected  well  above  the  water  table  in  order  to  evaluate  the  potential  for  shallow 
soils  in  this  area  to  provide  a  continuing  source  of  BTEX  contamination  to  the 
groundwater.  Residual  LNAPLs  in  the  soil  at  CPT-30  have  been  identified  at  a  depth 
of  4  to  7  feet  bgs  by  the  LIF.  Table  4.2  presents  soil  sample  BTEX  results. 

The  highest  total  BTEX  concentration  was  detected  in  the  6-foot  soil  sample  from 
CPT-31  at  a  concentration  of  122  milligrams  per  kilogram  (mg/kg).  CPT-31  is  located 
adjacent  to  well  MW-04,  which  contains  mobile  LNAPL.  Furthermore,  the  LIF 
recorded  the  thickest  interval  of  elevated  fluorescence  intensities  at  CPT-31  (5  feet). 
The  second  highest  BTEX  concentration  (37  mg/kg)  was  detected  in  the  3-foot  sample 
at  CPT-32,  located  adjacent  to  the  other  well  with  mobile  LNAPL,  MW-05.  The  two 
lowest  total  BTEX  concentrations  (each  less  than  1  mg/kg)  were  detected  in  the  samples 
collected  from  CPT-19  and  SS-4.  Although  the  concentrations  are  lower  than  in  the 
source  area,  the  detections  here  are  significant  because  of  the  proximity  to  the  ditch. 
Location  SS-4  was  located  within  1  foot  of  the  ditch;  CPT-19  was  located 
approximately  55  feet  from  the  ditch.  Soil  samples  were  collected  at  five  other 
locations  along  the  ditch  bank;  however,  BTEX  compounds  were  not  detected  in  the 
samples. 

Analytical  results  for  soil  samples  collected  by  Law  in  1994  indicated  significant 
concentrations  of  BTEX  compounds  within  the  area  of  residual  soil  contamination  as 
interpreted  from  CPT/LIF  results.  In  fact,  all  14  of  Law’s  soil  samples  with  detected 
total  BTEX  concentrations  of  at  least  0.1  mg/kg  fall  within  the  area  of  residual  soil 
contamination  (Law,  1994). 

4.2.3  Total  Organic  Carbon 

TOC  concentrations  are  used  to  estimate  the  amount  of  organic  matter  sorbed  on  soil 
particles  or  trapped  in  the  interstitial  passages  of  a  soil  matrix.  The  TOC  concentration 
in  the  saturated  zone  is  an  important  parameter  used  to  estimate  the  amount  of 
contaminant  that  could  potentially  be  sorbed  to  the  aquifer  matrix.  Sorption  results  in 
retardation  of  the  contaminant  plume  relative  to  the  average  advective  groundwater 
velocity. 

A  total  of  16  soil  samples  were  analyzed  for  percent  TOC;  however,  only  three  of 
the  samples  were  collected  in  shallow  water  table  sands  beyond  the  area  of  mobile 
LNAPL.  TOC  concentrations  for  samples  MW01-6’,  CPT6-8’,  and  CPT19-10.5’ 
ranged  from  0.036  to  0. 122  percent  with  an  average  of  0.084  percent  (Table  4.2).  The 
single  sample  collected  from  deep  clean  sand  had  a  TOC  concentration  of  0.075 
percent. 

4.3  SURFACE  WATER  CHEMISTRY 

Surface  water  samples  were  collected  at  five  locations  along  the  ditch  south  of  the 
POL  (Figure  2.3)  and  analyzed  for  BTEX  by  the  USEPA/NRMRL.  Detectable  levels 
of  BTEX  compounds  were  identified  in  all  five  samples.  Samples  were  collected 
upstream  from  the  POL  (downstream  from  the  motorpool  site);  adjacent  to  an 
intermittent  stream  that  drains  the  eastern,  less  contaminated  side  of  the  POL;  within 
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the  area  of  maximum  fuel  sheen  and  groundwater  seepage;  downgradient  from  the 
major  seepage  area;  and  at  the  point  where  the  oil/water  separator  drainage  ditch  enters 
the  main  drainage  ditch  south  of  the  POL.  Sampling  locations  and  BTEX  results  are 
presented  in  Tables  4.3  and  4.4  and  on  Figure  4.2. 

The  highest  total  BTEX  concentration  (approximately  1,600  pg/L)  was  detected  in 
sample  SW-3,  collected  from  the  fuel  and  groundwater  seep  area.  The  benzene 
concentration  at  this  location  (434  pg/L)  was  the  only  BTEX  concentration  that 
exceeded  a  federal  aquatic  life  water  quality  criteria.  The  benzene  standard  for  the 
ingestion  of  aquatic  life  is  71  pg/L  (EPA,  1991).  The  BTEX  concentration  at  SW-3  is 
significantly  higher  than  the  next  highest  total  BTEX  concentration  of  93  pg/L 
detected  in  the  duplicate  analysis  of  SW-1,  the  upstream  sample.  These  results  suggest 

tbf  uateu  q™lty  of  the  dltch  has  been  imPacted  prior  to  passing  through  the  area 
attected  by  the  POL;  however,  groundwater  discharge  to  the  ditch  from  the  POL  area 
contributes  sufficient  BTEX  to  the  system  to  further  deteriorate  surface  water  quality  in 
the  area  of  groundwater  discharge  surrounding  sampling  location  SW-3.  The  two 
lowest  BTEX  concentrations  (each  approximately  1  pg/L)  were  detected  at  the  two 
POL  surface  drainage  locations,  SW-2  and  SW-5.  These  results  suggest  that  surface 
water  runoff  from  the  POL  is  not  contributing  significant  concentrations  of  BTEX 
compounds  to  the  ditch. 

4.4  GROUNDWATER  CHEMISTRY 


hree  lines  of  evidence  can  be  used  to  document  the  occurrence  of  natural 
attenuation:  1)  geochemical  evidence;  2)  documented  loss  of  contaminant  mass  at  the 
field  scale;  and  3)  laboratory  microcosm  studies.  The  first  two  lines  of  evidence 
(geochemical  evidence  and  documented  loss  of  contaminants)  are  used  herein  to  support 
the  occurrence  of  natural  attenuation  at  the  POL,  as  described  in  the  following  sections. 

or^nrriL  ^-  tWf°  ,m,?S  °f  evidence  singly  suggest  that  natural  attenuation  is 
curring  at  this  site,  laboratory  microcosm  studies  were  not  deemed  necessary. 

4.4.1  Dissolved  Hydrocarbon  Contamination 

n  n^0rat0ry  analytical  results  for  groundwater  samples  collected  during  the  Law 
1994)  investigation  indicated  the  presence  of  fuel  hydrocarbon  contamination  in  the 

S,ndw  gr°Undw?tir  bfc^th  the  maJ°rity  of  the  POL  site,  including  the  former  fuel 
seven  mnref  ^  the„ASTs-  Total  BTEX  was  detected  in  groundwater  samples  from 
SS/rS?  u0nng  WC  S  at  concentrations  ranging  from  1.8  (MW-10)  to  3,903  pg/L 

MWrn  L  S  S£TuS  0f  groundwater  were  not  collected  from  monitoring  wells 
MW-04  andMW-05,  which  contained  free  product.  Groundwater  samples  collected  in 
January  1995  by  Parsons  ES  and  USEPA/NRMRL  personnel  confirmed  these  results. 

SSm  ;nHU^manr,f°Undwater  BTEX  and  fueI  carbon  results-  Trimethylbenzene 
2E5JJ2  d  teriamethylbenzene  (TEMB)  results  are  presented  in  Table  4.4.  TMB  and 

rnnd^  JJSU  tS  because  they  are  water-soluble  fuel  constituents  that  are 

?h° v  recal«trant  to  biological  degradation  under  anaerobic  conditions;  therefore, 
y  . n,  .e  ^sed.  as  tracer  compounds  in  the  calculation  of  anaerobic  decay  rates  as 

the  foUowinVstb'St.ons  lyUCal  reSU'‘S  °f  ‘he  CUrren'  investiSa,ion  <i«ussed  in 
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TABLE  4.3  (Continued) 

BTEX  COMPOUNDS  AND  FUEL  CARBON  DETECTED  IN 
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SW  - 1 

or  o  __  SURFACE  WATER  SAMPLING  LOCATION 
O  WITH  TOTAL  BTFX  CONCENTRATION  (,, 


4.4. 1.1  BTEX  in  Groundwater 

The  areal  distribution  of  total  dissolved  BTEX  in  groundwater  for  January  1995  is 
presented  on  Figure  4.3.  Because  of  the  regulatory  significance,  the  areal  distribution 
of  dissolved  benzene  is  presented  on  Figure  4.3a.  Where  nested  wells  and  monitoring 
points  are  present  isopleths  are  drawn  on  the  basis  of  the  maximum  detected 
concentration,  which  in  all  instances  was  detected  in  the  well  or  monitoring  point 
scanned  near  or  across  the  water  table.  As  indicated  by  the  10-pg/L  isopleth,  the 

!ur5^P  Unf  f1SfeustirT!ated  at  approximately  1,150  feet  in  the  maximum  east/west 
direction  and  stretches  between  the  drainage  ditches  on  the  north  and  south  sides  of  the 

f  f  nf  ?h°Xim-ateKy75°/?^'  The  10,000~PS/L  contour  can  be  considered  the  central 
fw  f  fh  mainfbody  f the  Plume-  11  starts  along  the  northeastern  side  of  the  site  and 
fnTh  ?n  he  r  In  «cmity  of  the  Pumphouse,  the  dissolved  plume  doglegs  to  the 
mnrh’  if  P? fentf  uflow  channel  that  leads  to  the  ditch  along  Phyliss  Drive.  A 

much  smaller  lobe  of  the  dissolved  BTEX  plume  lies  on  the  other  side  of  the 

JL  dlvlde  detween  the  ditches  north  and  south  of  the  POL.  This  lobe  leaves 

PYt^nf  «f°fi!he^n0rt^W?tT,and  may  be  dlscharSing  to  the  ditch  north  of  the  POL.  The 
extent  of  the  dissolved  BTEX  plume  defined  by  the  10-pg/L  contour  contains  a  total 

aDDroximatelvX9sate  y  Square  feet  (11,8  acres)-  Because  benzene  represents 

PP“dy  25  of  the  total  dissolved  BTEX  mass  in  the  POL  BTEX  plume 

f  concentrations  for  benzene  (Figure  4.3a)  are  less  than  for  total 

toe^TEX1d^sfriblnion!OWeVer,  6  02606  distribution  pattern  is  exactly  analogous  to 

The  vertical  distribution  of  contaminants  along  the  main  axis  of  the  plume 
approximately  parallel  to  the  direction  of  groundwater  flow  is  presented  on  Figure  4.4.’ 
e  maximum  depth  of  the  10-pg/L  isopleth  is  estimated  at  approximately  50  feet  bgs 

iav«  al0n,8  *"“?*  median-  The  of  50  feet  5*2  to  a 

layer  that  was  impenetrable  to  the  CPT  and  is  believed  to  be  a  layer  of  exceDtionallv 

hard  clay  called  “bluestone”.  It  can  be  observed  on  Figure  4.4  that  the  ditch  captures 

elndprnrifty  °f  tbe  dlssolved  BTEX;  however,  a  small  fraction  of  the  plume  appears  to 
ude  capture  and  is  observed  at  low  concentrations  in  monitoring  points  screened  in 
sand  on  the  south  side  of  the  ditch  (MP-34S,  -34D,  and  -35D). 

Where  detected,  total  BTEX  concentrations  range  from  1.0  to  18  270  ue/L  The 

°f  18;27°  Pg/L  WaS  "  in  a ^  groundw^r/L sam^ 

woik  5  Smkh  P/  ?/  nr^nr°iUCt  ln  momtoring  wel1  MW-05.  On  the  basis  of  the 
result  fmm  hP  •;-k(1981)’  thp  maximum  dissolved  BTEX  concentration  that  can 
prnnndwT  ^mhhnum  partitioning  of  BTEX  compounds  from  fresh  JP-4  into 
comt>ound? ir/th  approximately  22>600  pg/L.  Using  the  mass  fraction  of  BTEX 
SfjJ Si pr“J“ct  ?™ples  fr°ra  wens  MW-04  and  MW-05,  the  maximum 

SraaS  8 IS  4,-°'  BTEX  comPounds  too  the  groundwater  is 
pproximately  !8,100  pg/L.  This  concentration  is  very  close  to  the  maximum 

in  fable  fnTp^drc^0"'  Equilibrium  P^Moning  calculations  are  presented 

The  maximum  benzene  and  toluene  concentrations  of  9,530  and  6  060  ug/L  also 
*“1“  ‘n  1,16  gr0Undwater  sample  collected  from  ’monitoring  ^ifKf 

SfCL^of  5uf /L  mwpTtonQtteXCeede<l  federal  maxiraum  “ntaminant  level 
v  )  of  5  pg/L  (USEPA,  1993)  in  groundwater  samples  collected  at  18  locations 
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The  approximate  areal  extent  of  benzene  concentrations  in  excess  of  5  pg/L  is  provided 
on  Figure  4.3a.  Toluene  concentrations  exceeded  the  federal  MCL  of  1,000  pg/L  at 
three  Jocations  (MW-04,  MW-05,  and  MP-36S).  The  highest  concentrations  of 
ethylbenzene  (1,200  pg/L)  and  total  xylenes  (5,280  pg/L)  were  detected  in  the  sample 
from  Gp-3S,  located  only  15  feet  from  the  edge  of  the  ditch.  The  federal  MCL  for 
ethylbenzene  (700  pg/L)  was  exceeded  at  four  locations  (MP-19S,  MP-36S,  GP-1S, 
and  GP-3S);  total  xylenes  concentrations  did  not  exceed  the  federal  MCL  of  10  000 
pg/L  in  any  groundwater  sample. 


The  effect  of  natural  attenuation  on  the  extent  of  BTEX  plume  migration  cannot  be 
evaluated  because  the  plume  has  reached  the  ditch  along  Phyliss  Drive,  which  serves  as 
a  groundwater  discharge  location.  However,  it  is  important  to  observe  that  the  highest 
concentrations  of  benzene  and  toluene  were  detected  in  the  source  area,  whereas  the 
highest  ethylbenzene  and  total  xylenes  concentrations  were  detected  along  the  edge  of 
the  ditch.  This  trend  contradicts  theory  which  predicts  that  benzene  will  be  the  BTEX 
compound  most  recalcitrant  to  biodegradation  and  most  mobile  in  groundwater,  and 
should  therefore  comprise  an  increasingly  higher  percentage  of  the  BTEX  in 
groundwater  samples  collected  increasingly  downgradient  of  the  source  area.  It  is  also 
very  unusual  that  downgradient  concentrations  of  any  of  the  BTEX  compounds  should 
ave  a  higher  concentration  several  hundred  feet  downgradient  of  the  site  than  within 
the  mobile  LNAPL  source  area.  These  two  unusual  occurrences  are  believed  to  be  the 
result  of  the  unusually  large  amount  of  rainfall,  described  in  Section  3.  The  rainfall 
served  to  raise  groundwater  levels  and  flush  areas  of  residual  soil  contamination  that 
,r>OVe  the  Sr°undwater  table  under  typical  conditions.  Because  xylenes  and 
ethylbenzene  sorb  more  tightly  to  soils  than  benzene  and  toluene,  they  are  more 
common  in  the  residual  zone  of  soil  contamination;  therefore,  the  flushing  of  this  zone 
released  higher  concentrations  of  xylenes  and  ethylbenzene  into  downgradient 
groundwater  than  are  present  under  normal  rainfall  conditions.  In  addition,  the 
usmng  ot  the  residual  zone  and  corresponding  increase  in  downgradient  BTEX 
concentrations  negatively  affects  the  calculation  of  an  anaerobic  decay  constant  (See 
discussion  in  Section  5).  v 

4. 4.1.2  Total  Fuel  Carbon  in  Groundwater 


.T  ,  ,dlStnbatl°^l fud  Mrocarbons  in  groundwater  is  nearly  identical  to  the 
distribution  of  BTEX  compounds  presented  on  Figure  4.3.  Dissolved  fuel 
hydrocarbons  were  detected  at  all  but  one  location  where  dissolved  BTEX  compounds 
^f.re,dftefct5d-  ^  no  ^cation  were  fuel  hydrocarbons  detected  and  BTEX  compounds 
-3“;  Total  detected  fuel  hydrocarbon  concentrations  ranged  from  3.4  to 


4.4.2  Inorganic  Chemistry  and  Geochemical  Indicators  of  BTEX  Biodegradation 

fhP^1CH°°rganiSn S  °5tain  6nergy  for  cel1  Production  and  maintenance  by  facilitating 
o  ynamica  y  a  vantageous  redox  reactions  involving  the  transfer  of  electrons 
from  electron  donors  to  available  electron  acceptors.  This  results  in  the  oxidation  of 
the  electron  donor  and  the  reduction  of  the  electron  acceptor.  Electron  donors  at  the 
site  are  natural  organic  carbon  and  fuel  hydrocarbon  compounds.  Fuel  hydrocarbons 
are  completely  degraded  or  detoxified  if  they  are  utilized  as  the  primary  electron  donor 
for  microbial  metabolism  (Bouwer,  1992).  Electron  acceptors  are  elements  or 
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compounds  that  occur  in  relatively  oxidized  states,  and  include  oxygen,  nitrate,  ferric 
iron,  sulfate,  and  carbon  dioxide. 

^riving  force  of  BTEX  degradation  is  electron  transfer,  which  is  quantified  by 

,nn,Glb^S/ree  Trgy  of  the  reaction  (AG°r)  (Stumm  and  Morgan,  1981;  Bouwer, 
994,  Godsey,  1994).  The  value  of  AG°r  represents  the  quantity  of  free  energy 
consumed  or  yielded  to  the  system  during  the  reaction.  Table  4.5  lists  stoichiometry  of 
the  redox  equations  involving  BTEX  and  the  resulting  AG°r.  Although 
thermodynamically  favorable,  most  of  the  reactions  involved  in  BTEX  oxidation  cannot 
proceed  abiotically  because  of  the  lack  of  activation  energy.  Microorganisms  are 
capable  of  providing  the  necessary  activation  energy;  however,  they  will  facilitate  only 
those  redox  reactions  that  have  a  net  yield  of  energy  (i.e.  AG°r  <  0).  Microorganisms 
utlhze  electron  acceptors  while  metabolizing  fuel  hydrocarbons  (Bouwer, 
1992)  DO  is  utilized  first  as  the  prime  electron  acceptor.  After  the  DO  is  consumed 
anaerobic  microorganisms  use  electron  acceptors  in  the  following  order  of  preference- 
nitrate,  ferric  iron  hydroxide,  sulfate,  and  finally  carbon  dioxide. 

Depending  on  the  types  and  concentrations  of  electron  acceptors  present  (e.g. 
nitrate,  sulfate,  carbon  dioxide),  pH  conditions,  and  redox  potential,  anaerobic 
biodegradation  can  occur  by  denitrification,  ferric  iron  reduction,  sulfate  reduction,  or 
me  anogenesis.  Other,  less  common  anaerobic  degradation  mechanisms  such  as 
manganese  or  nitrate  reduction  may  dominate  if  the  physical  and  chemical  conditions  in 
sabsurface  favor  use  of  these  electron  acceptors.  Anaerobic  destruction  of  the 
B1EX  compounds  is  associated  with  the  accumulation  of  fatty  acids,  production  of 

2anf,vf  ubl  izat!0n  0f  lron>  and  reduction  of  nitrate  and  sulfate  (Cozzarelli  ct  al. 
^9°,  Wilson  et  al.,  1990).  Environmental  conditions  and  microbial  competition 
ultimately  determine  which  processes  will  dominate.  Vroblesky  and  Chapelle  (1994) 
s  ow  that  the  dominant  terminal  electron  accepting  process  can  vary  both  temporally 
and  spatially  m  an  aquifer  with  fuel  hydrocarbon  contamination. 

r  foundwatf  datf  for  electron  acceptors  such  as  sulfate  suggest  that  intrinsic 
remediation  of  hydrocarbons  in  the  shallow  aquifer  by  sulfate  reduction  is  occurring. 

Lr^'?011’  da?  f°r  ferrous  iron  (Fe  )  and  methane  suggest  that  anaerobic 
degradation  via  ferric  iron  reduction  and  methanogenesis  is  occurring.  Because  both 
site  and  background  concentrations  of  DO  and  nitrate  are  almost  nonexistent,  aerobic 
degradation  and  denitrification  are  not  believed  to  contribute  significantly  to  the 
attenuation  of  BTEX  in  site  groundwater.  Geochemical  parameters  for  site 
groundwater  are  discussed  in  the  following  sections. 

4. 4.2.1  Dissolved  Oxygen 

DO  concentrations  were  measured  at  monitoring  wells  and  points  at  the  time  of 
samPlmg  during  the  January  1995  sampling  event.  Concentrations  ranged 
from  0.04  to  19  milligrams  per  liter  (mg/L)  with  an  average  shallow  groundwater 
concentration  of  0.4  mg/L.  Table  4.6  summarizes  measured  DO  concentrations.  It  is 

h6aVy  rainS  Precedin8  and  during  the  groundwater  sampling  may  have 
ected  DO  concentrations.  Overall,  DO  concentrations  are  likely  to  be  somewhat 
higher  than  usual  m  the  shallow  groundwater  as  a  result  of  the  infiltration  of 
oxygenated  rainwater.  DO  concentrations  in  the  deeper  wells  and  monitoring  points 
ranged  from  0.12  to  0.51  mg/L  with  an  average  concentration  of  0.2  mg/L.  DO 
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TABLE  4.5 

COUPLED  OXIDATION  REACTIONS  FOR  BTEX  COMPOUNDS 
POL  BULK  FUEL  STORAGE  AREA 
INTRINSIC  REMEDIATION  CAS 
MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Coupled  Benzene  Oxidation  Reactions 

AG°r 

(kcal/mole 

Benzene) 

AG°r 

(kJ/mole 

Benzene) 

Stoichiometric 
Mass  Ratio  of 
Electron  Acceptor 
to  Compound 

7.502  +  CeHo  =>  6C02tg  +  3h20 

Benzene  oxidation  /aerobic  respiration 

-765.34 

-3202 

3.07:1 

6NO3  +6H+  +  C6H6  =>  6C02tg  +6h20  +3n2,s 

-775.75 

-3245 

4.77:1 

3.75  NCV  +  QjH*  +  7.5  H4  +  0.75  H20  =>  6  CO2  +  3.75  NH,4 

Benzene  oxidation  /  nitrate  reduction 

-524.1 

-2193 

2.98:1 

60H+  +  iOFe(OH) 3a  +  C6H6  =>  6C02  +  SO Fe2+  +  78HiO 
Benzene  oxidation  /  iron  reduction 

-560.10 

-2343 

21.5:la/ 

15h*  +  snsso2/  +  c6h6  =>  6 co2%z  +  s.ish2s°+sh2o 

Benzene  oxidation  /sulfate  reduction 

-122.93 

-514.3 

4.61:1 

4.5 H20  +  C6H6=>  2-25 C02i  +  3.75 CH 4 

1  Benzene  oxidation / methanogenesis 

-32.40 

-135.6 

— 

Coupled  Toluene  Oxidation  Reactions 

AG°r 

(kcal/mole 

Toluene) 

AG°r 

(kJ/mole 

Toluene) 

Stoichiometric 
Mass  Ratio  of 
Electron  Acceptor 
to  Compound 

POi  +  CiHsCH 3  =>  7 CO},,  +  4h,0 

Toluene  oxidation  /aerobic  respiration 

-913.76 

-3823 

3.13:1 

7.2 NO'}  +  7.2H+  +  CeHsCH,  =>  7 CO}.,  +  7.6h,0  +  3.6 N2., 
Toluene  oxidation  /  denitrification 

-926.31 

-3875 

4.85:1 

72 H*  +  36Fe(OH ) 3a  +  CsHsCHs  =>  7 CO}  +36Fe1+  +94H,0 
Toluene  oxidation  /  iron  reduction 

-667.21 

21.86:la/  I 

9H+  +  4.5SOi  +  CsHsCH}  =>  7cOu  +  4.5 H2S°  +  4h20 
Toluene  oxidation/ sulfate  reduction 

-142.86 

-597.7 

4.7:1 

SHsO  +  CtHsCHs  =>  2.5  CO}.,  +  4.5  CH, 

Toluene  oxidation  /  methanogenesis 

-34.08 

-142.6 

0.78:1  b/ 
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TABLE  4.5  (Concluded) 

COUPLED  OXIDATION  REACTIONS  FOR  BTEX  COMPOUNDS 
POL  BULK  FUEL  STORAGE  SITE 
INTRINSIC  REMEDIATION  CORRECTIVE  ACTION  STUDY 
MYRTLE  BEACH  AIR  FORCE  BASE,  SOUTH  CAROLINA 


Coupled  Ethylbenzene  Oxidation  reactions 

AG°r 

(kcal/mole 

Ethyl¬ 

benzene) 

AG°r 

(kJ/mole 

Ethyl¬ 

benzene) 

Stoichiometric 
Mass  Ratio  of 
Electron  Acceptor 
to  Compound 

10.50:  +  CtHsC:H,  =>  SCO:.,  +  5H:0 

Ethylbenzene  oxidation  /aerobic  respiration 

-1066.13 

■4461 

3.17:1 

8.4NO-3  +8.4H+  +  CtH;C:Hs  =>  SCO:.,  +9.2H:0  +  4.2  Nu 
Ethylbenzene  oxidation  /  denitrification 

-1080.76 

-4522 

4.92:1 

84 H*  +42Fe(OH)S/,  +  C,HsC:Hs  =>  8 CO:  +  42  Fe1*  +  110 H:0 

Ethylbenzene  oxidation  /  iron  reduction 

-778.48 

-3257 

22:  l®7 

10.5 H*  +  5.25 SO,  +  CtHsC,Hs  =>  8CO:s  +  5.25h3S°  +5h,0 
Ethylbenzene  oxidation  /  sulfate  reduction 

-166.75 

-697.7 

4.75:1 

5.5 H:0  +  CtHsC:Hs  =>  2.75 COu  +  5.25 CH, 

Ethylbenzene  oxidation  /  methanogenesis 

-39.83 

-166.7 

0.79:1  b/ 

Coupled  m-Xylene  Oxidation  Reactions 

AG°r 

(kcal/mole 

w-xylene) 

AG°r 

(kJ/mole 

m-xylene) 

Stoichiometric 
Mass  Ratio  of 
Electron  Acceptor 
to  Compound 

10.50:  +  CtH4(CH,)i  =>  8 CO:.,  +5h,0 
m-Xylene  oxidation  / aerobic  respiration 

-1063.25 

-4448 

3.17:1 

8.4NO's  +  8.4 H+  +  C6H,(CH,):  =>  SC02j  +  9.2 H:0  +  4.2 N:., 
m-Xylene  oxidation  /  denitrification 

-1077.81 

-4509 

4.92:1 

84H+  +  42Fe(OH  )3a  +  C6H4(CH3)}  =•  8CO:  +  42  Fe1*  +  llOHiO 

!  m-Xylene  oxidation  /  iron  reduction 

-775.61 

-3245 

22:  l37 

105 H*  +5.25SOi  +  CtH4(CH3)i  =>  8COu  +S.25H:S°  +5h20 

n  m-Xylene  oxidation  /  sulfate  reduction 

-163.87 

-685.6 

4.75:1 

5.5HiO  +  C6H4(CH3):  =>  2.75  CO  +  5.25 CH, 

m-Xylene  oxidation  /  methanogenesis 

-36.95 

-154.6 

0.79: 1  b/ 

^  Mass  of  ferrous  iron  produced  during  microbial  respiration. 
Mass  of  methane  produced  during  microbial  respiration. 
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concentrations  in  these  wells  are  less  likely  to  have  been  impacted  by  the  heavy  rains. 
As  a  result  of  the  overall  lack  of  DO  in  groundwater,  DO  is  not  considered  to  be  an 
important  electron  acceptor  at  this  site.  Nevertheless,  because  DO  is  recharged  in  the 
shallow  groundwater  through  rainwater  infiltration,  a  small,  periodic  contribution  to  the 
degradation  of  fuel  constituents  can  be  expected. 

The  stoichiometry  of  BTEX  mineralization  to  carbon  dioxide  and  water  caused  by 
aerobic  microbial  biodegradation  is  presented  in  Table  4.5.  The  average  mass  ratio  of 
oxygen  to  total  BTEX  is  approximately  3.14  to  1.  This  translates  to  the  mineralization 
of  approximately  0.32  mg  of  BTEX  for  every  1.0  mg  of  DO  consumed.  With  an 
average  site  DO  concentration  of  approximately  0.4  mg/L,  the  shallow  groundwater  at 
this  site  has  the  capacity  to  assimilate  0.12  mg/L  (120  pg/L)  of  total  BTEX  through 
aerobic  biodegradation.  This  is  a  conservative  estimate  of  the  assimilative  capacity  of 
DO  because  microbial  cell  mass  production  was  not  taken  into  account  by  the 
stoichiometry  presented  in  Table  4.5.  Furthermore,  the  recharge  of  oxygen  through 
rainwater  infiltration  has  not  been  considered. 

As  a  microbial  population  in  the  groundwater  grows  in  response  to  the  introduction 
of  fuel  hydrocarbons  into  the  groundwater,  some  of  the  fuel  is  used  not  only  to 
generate  fuel,  but  also  to  generate  cell  mass.  When  cell  mass  production  is  accounted 
for,  the  mineralization  of  benzene  to  carbon  dioxide  and  water  is  given  by: 

+  2.5O2  +  HCO3  +  NH4  — >  C5H7O2N  +  2CO2  +  2H2O 

This  equation  indicates  that  5.0  fewer  moles  of  DO  are  required  to  mineralize  1 
mole  of  benzene  when  cell  mass  production  is  taken  into  account.  On  a  mass  basis,  the 
ratio  of  DO  to  benzene  is  given  by: 

Benzene  6(12)  4-  1(6)  =  78  gm 

Oxygen  2.5(32)=  80  gm 

Mass  Ratio  of  Oxygen  to  Benzene  =  80/78  =  1.03:1 

On  the  basis  of  these  stoichiometric  relationships,  1.03  mg  of  oxygen  are  required  to 
mineralize  1  mg  of  benzene,  if  cell  mass  production  is  taken  into  account.  Similar 
calculations  can  be  made  for  toluene,  ethylbenzene,  and  the  xylenes.  On  the  basis  of 
these  calculations,  approximately  0.97  mg  of  BTEX  is  mineralized  to  carbon  dioxide 
and  water  for  every  1.0  mg  of  DO  consumed. 

Although  this  process  results  in  more  efficient  utilization  of  electron  receptors,  it  is 
only  applicable  as  the  net  cell  mass  of  the  microbial  population  continues  to  grow. 
Because  groundwater  contamination  has  been  present  at  the  POL  site  for  numerous 
years,  it  is  expected  that  biomass  mass  production  has  reached  steady-state.  Therefore, 
the  cell  mass  reaction  equations  would  no  longer  apply. 

4.4.2.2  Nitrate/Nitrite 

Concentrations  of  nitrate/nitrite  [as  nitrogen  (N)]  were  measured  in  groundwater 
samples  collected  in  January  1995.  Table  4.6  summarizes  measured  nitrate/nitrite 

4-23 


022/72245 0/M  Y  RTLE/4 .  DOC 


TABLE  4.6 

GROUNDWATER  GEOCHEMICAL  DATA 

POL  BULK  FUEL  STORAGE  AREA 
INTRINSIC  REMEDIATION  CAS 
MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 
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TABLE  4.6  (Continued) 
GROUNDWATER  GEOCHEMICAL  DATA 

POL  BULK  FUEL  STORAGE  AREA 
INTRINSIC  REMEDIATION  CAS 
MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 
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TABLE  4.6  (Continued) 
GROUNDWATER  GEOCHEMICAL  DATA 

POL  BULK  FUEL  STORAGE  AREA 
INTRINSIC  REMEDIATION  CAS 
MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 
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TABLE  4.6  (Concluded) 
GROUNDWATER  GEOCHEMICAL  DATA 

POL  BULK  FUEL  STORAGE  AREA 
INTRINSIC  REMEDIATION  CAS 
MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 
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(as  N)  concentrations.  Nitrate/nitrite  (as  N)  concentrations  were  not  detected  above 
0.05  mg/L  at  32  of  the  sampling  locations.  Low  concentration  of  0.08  to  0.15  mg/L 
were  detected  at  the  other  15  locations  where  nitrate/nitrite  groundwater  samples  were 
collected  and  analyzed.  As  a  result  of  the  overall  lack  of  nitrate/nitrite  (as  N)  in 
groundwater,  nitrate  is  not  considered  to  be  an  important  electron  acceptor  at  this  site. 

In  the  absence  of  microbial  cell  production,  the  stoichiometry  of  BTEX 
mineralization  to  carbon  dioxide,  water,  and  nitrogen  caused  by  denitrification  is 
presented  in  Table  4.5.  The  average  mass  ratio  of  nitrate  to  total  BTEX  is 
approximately  4.9  to  1.  This  translates  to  the  mineralization  of  approximately  0.20  mg 
of  BTEX  for  every  1.0  mg  of  nitrate  consumed.  At  all  wells  and  monitoring  points, 
nitrate/nitrite  (as  N)  either  was  not  detected  above  quantitation  limits  or  was  detected  at 
trace  concentrations;  therefore,  the  groundwater  at  this  site  has  a  negligible  capacity  to 
assimilate  BTEX  through  denitrification. 

4.4.2.3  Ferrous  Iron 

Ferrous  iron  (Fe  )  concentrations  were  measured  in  groundwater  samples  collected 
in  January  1995.  Table  4.6  summarizes  ferrous  iron  concentrations.  Measured  ferrous 
iron  concentrations  range  from  <0.05  mg/L  to  37.5  mg/L.  Figure  4.5  is  an  isopleth 
map  showing  the  areal  extent  of  ferrous  iron  in  groundwater.  Comparison  of 
Figures  4.3  and  4.5  shows  graphically  that  most  of  the  area  with  elevated  total  BTEX 
concentrations  3has  elevated  ferrous  iron  concentrations.  This  suggests  that  ferric  iron 
hydroxide  (Fe  )  is  being  reduced  to  ferrous  iron  during  biodegradation  of  BTEX 
compounds.  Every  groundwater  sample  with  a  ferrous  iron  concentration  greater  than 
10  mg/L  was  collected  from  a  well  where  a  total  BTEX  concentration  of  at  least  40 
p.g/L  was  measured.  Background  levels  of  ferrous  iron  are  generally  at  or  below 
2  mg/L,.  as  measured  at  wells  with  little  or  no  BTEX  contamination.  Similar  to  the 
distribution  of  dissolved  BTEX,  concentrations  of  ferrous  iron  decrease  with  depth  in 
the  shallow  water  table. 

The  stoichiometry  of  BTEX  oxidation  to  carbon  dioxide,  ferrous  iron,  and  water  by 
iron  reduction  through  anaerobic  microbial  biodegradation  is  presented  in  Table  4.5. 
On  average,  37.5  moles  of  ferric  iron  hydroxide  are  required  to  metabolize  one  mole  of 
total  BTEX.  Conversely,  an  average  of  37.5  moles  of  ferrous  iron  are  produced  for 
each  mole  of  total  BTEX  consumed.  On  a  mass  basis,  this  translates  to  approximately 
21.8  mg  ferrous  iron  produced  for  each  1  mg  of  total  BTEX  metabolized.  Given  a 
background  ferrous  iron  concentration  of  approximately  2  mg/L  and  a  maximum 
detected  ferrous  iron  concentration  of  37.5  mg/L,  the  shallow  groundwater  has  the 
capacity  to  assimilate  approximately  1.6  mg/L  (1,600  pg/L)  of  total  BTEX  through 
iron  reduction.  This  is  a  conservative  estimate  of  the  assimilative  capacity  of  iron 
because  this  calculation  is  based  on  observed  ferrous  iron  concentrations  and  not  on  the 
amount  of  ferric  hydroxide  available  in  the  aquifer  and  solid  soil  matrix.  Therefore 
iron  assimilative  capacity  could  be  much  higher. 


Recent  evidence  suggests  that  the  reduction  of  ferric  iron  to  ferrous  iron  cannot 
proceed  at  all  without  microbial  mediation  (Lovley  and  Phillips,  1988;  Lovley  et  al, 
1991,  Chapelle,  1993).  None  of  the  common  organic  compounds  found  in  low- 
temperature,  neutral,  reducing  groundwater  could  reduce  ferric  oxyhydroxides  to 
ferrous  iron  under  sterile  laboratory  conditions  (Lovley  et  al.,  1991).  This  means  that 
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the  reduction  of  ferric  iron  requires  microbial  mediation  by  microorganisms  with  the 
appropriate  enzymatic  capabilities.  Because  the  reduction  of  ferric  iron  cannot  proceed 
without  microbial  intervention,  the  elevated  concentrations  of  ferrous  iron  that  were 
measured  in  the  contaminated  groundwater  at  the  site  are  very  strong  indicators  of 
microbial  activity. 

4.4.2. 4  Sulfate 

Sulfate  concentrations  were  measured  in  groundwater  samples  collected  in 
January  1995.  Sulfate  concentrations  at  the  site  range  from  <0.5  mg/L  to  84.1  mg/L. 
Table  4.6  summarizes  measured  sulfate  concentrations.  Figure  4.6  is  an  isopleth  map 
showing  the  areal  extent  of  sulfate  in  groundwater.  Comparison  of  Figures  4.3  and  4.6 
shows  graphically  that  the  area  of  depleted  sulfate  concentrations  occupies  much  of  the 
same  area  as  the  BTEX  plume.  Every  shallow  groundwater  sample  with  a  sulfate 
concentration  of  less  than  2.0  mg/kg  had  a  total  BTEX  concentration  of  at  least 
3,000  pg/L.  This  relationship  is  a  strong  indication  that  anaerobic  biodegradation  of 
BTEX  compounds  is  occurring  in  the  shallow  groundwater  through  the  microbially 
mediated  process  of  sulfate  reduction. 


The  stoichiometry  of  BTEX  mineralization  to  carbon  dioxide,  sulfur,  and  water  by 
sulfate  reduction  through  anaerobic  microbial  biodegradation  is  presented  in  Table  4.5. 
The  average  mass  ratio  of  sulfate  to  total  BTEX  is  approximately  4.7  to  1.  This 
translates  to  the  mineralization  of  approximately  0.21  mg  of  total  BTEX  for  every 
1.0  mg  of  sulfate  consumed.  Sulfate  concentrations  at  seven  shallow  groundwater 
locations  north  of  the  ditch  with  total  BTEX  concentrations  of  less  than  2  pg/L  range 
from  4.4  mg/L  to  61.5  mg/L,  with  an  average  concentration  of  21.4  mg/L.  Assuming 
a  background  sulfate  concentration  of  21.4  mg/L,  the  shallow  groundwater  at  this  site 
has  the  capacity  to  assimilate  4.5  mg/L  (4,500  pg/L)  of  total  BTEX  through  sulfate 
reduction.  Because  biomass  accumulation  is  not  considered,  the  actual  assimilative 
capacity  attributable  to  sulfate  could  be  somewhat  higher. 

4.4.2.5  Methane  in  Groundwater 

Methane  concentrations  were  measured  in  groundwater  samples  collected  in 
January  1995.  Table  4.6  summarizes  methane  concentrations  which  range  from  0.001 
*°  a*-  the  site.  Figure  4.7  is  an  isopleth  map  showing  the  distribution  of 

methane  in  groundwater.  Comparison  of  Figures  4.3  and  4.7  shows  graphically  that 
areas  with  elevated  total  BTEX  concentrations  correlate  with  elevated  methane 
concentrations.  Furthermore,  three  of  the  four  highest  methane  concentrations  were 
detected  in  the  three  shallow  groundwater  sampling  locations  within  the  area  of  mobile 
LNAPL  (MW-04,  MW-05,  and  MP-30S).  The  third  and  fifth  highest  methane 
concentrations  (13.99  and  4.74  mg/L)  were  detected  in  the  groundwater  samples 
collected  at  MW-03  and  MP-8S,  respectively,  within  50  feet  of  the  identified  area  of 
mobile  LNAPL  in  Figure  4.1.  In  addition,  methane  concentrations  decrease  with  depth 
in  the  aquifer,  just  as  BTEX  concentrations  decrease.  This  relationship  is  a  strong 
indication  that  anaerobic  biodegradation  of  BTEX  is  occurring  at  the  site. 


The  stoichiometry  of  BTEX  oxidation  to  carbon  dioxide  and  methane  by 
methanogenesis  is  presented  in  Table  4.5.  On  average,  approximately  1  mg  of  total 
BTEX  is  degraded  for  every  0.78  mg  of  methane  produced.  Given  a  maximum 
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detected  methane  concentration  of  17.13  mg/L,  the  shallow  groundwater  has  the 
expressed  capacity  to  assimilate  approximately  22.0  mg/L  (22,000  pg/L)  of  total  BTEX 
through  methanogenesis.  This  is  a  conservative  estimate  of  the  assimilative  capacity 
through  methanogenesis  because  these  calculations  are  based  on  observed  methane 
concentrations  and  not  on  the  amount  of  carbon  dioxide  (the  electron  acceptor  in 
methanogenesis)  available  in  the  aquifer.  As  methanogenesis  produces  more  carbon 
dioxide  than  it  consumes,  an  unlimited  supply  of  carbon  dioxide  is  theoretically 
available  once  the  process  of  methanogenesis  has  been  initiated.  Therefore, 
methanogenesis  is  limited  by  the  rate  of  reaction  rather  than  the  source  of  electron 
receptors.  This  estimate  of  assimilative  capacity  also  conservatively  assumes  that  all  of 
the  produced  methane  remains  in  solution;  however,  this  assumption  is  not  realistic  as 
the  solubility  limit  of  methane  in  water  is  approached. 

4.4.2. 6  Reduction/Oxidation  Potential 

Redox  potentials  were  measured  at  groundwater  monitoring  wells  and  points  in 
January  1995.  Redox  potential  is  a  measure  of  the  relative  tendency  of  a  solution  to 
accept  or  transfer  electrons.  The  redox  potential  of  a  groundwater  system  depends  on 
which  electron  acceptors  are  being  reduced  by  microbes  during  BTEX  oxidation.  The 
redox  potential  at  the  site  ranges  from  260  millivolts  (mV)  to  -255  mV.  Table  4.6 
summarizes  available  redox  potential  data.  The  areal  extent  of  redox  potentials  is 
illustrated  graphically  on  Figure  4.8.  As  expected,  areas  at  the  site  with  low  redox 
potentials  appear  to  coincide  with  areas  of  high  BTEX  contamination,  low  sulfate 
concentrations,  and  elevated  ferrous  iron  and  methane  concentrations  (compare 
Figure  4.8  with  Figures  4.3,  4.5,  4.6,  and  4.7).  Redox  potential  is  below  -200  mV 
throughout  the  majority  of  the  site  where  total  BTEX  concentrations  exceed  100  pg/L. 

4. 4.2. 7  Dehydrogenase  Activity 

The  14  soil  samples  analyzed  for  BTEX  compounds  also  were  analyzed  for 
dehydrogenase  activity.  The  dehydrogenase  test  is  a  qualitative  method  used  to 
determine  if  aerobic  bacteria  are  present  in  an  aquifer  in  quantities  capable  of 
biodegrading  fuel  hydrocarbons.  If  the  test  gives  a  positive  result,  a  sufficient  number 
of  microorganisms  capable  of  aerobic  metabolism  and/or  denitrification  are  present  in 
the  aquifer.  If  the  test  is  negative,  sufficient  numbers  of  microorganisms  capable  of 
aerobic  respiration  or  denitrification  are  not  present  in  the  aquifer.  A  negative  result 
for  the  dehydrogenase  test  gives  no  indication  of  the  relative  abundance  of  anaerobic 
microorganisms  capable  of  utilizing  sulfate,  iron  III,  or  carbon  dioxide  during 
biodegradation.  Positive  results  were  obtained  from  all  14  samples.  The 
dehydrogenase  activity  was  highest  within  the  peaty  material  collected  from  borehole 
CPT-34  at  a  depth  of  9.5  feet  (58  pg  Formazan  per  gram  soil).  At  borehole  SS-1, 
which  is  located  outside  of  the  source  area,  dehydrogenase  activity  was  highest  in  the 
surface  soil  sample  at  52  pg  of  formazan  per  gram  of  soil.  Dehydrogenase  activity  in 
the  five  soil  samples  with  strong  fuel  odors  at  concentrations  of  0.6  to  9.2  pg 
Formazan  per  gram  soil.  Measurements  are  presented  in  Table  4.2. 

4.4.2. 8  Volatile  Fatty  Acids 

At  monitoring  wells  MW-06  and  MW-11,  USEPA  researchers  collected 
groundwater  samples  for  volatile  fatty  acids  analysis.  This  test  is  a  gas 
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chromatography/mass  spectrometry  (GC/MS)  method  wherein  the  samples  are 
compared  to  a  standard  mixture  containing  a  total  of  58  phenols,  aliphatic  acids,  and 
aromatic  acids.  Compounds  in  the  standard  mixture  are  generally  associated  with 
microbial  processes  that  break  down  petroleum  hydrocarbons.  USEPA  researchers 
reported  that  the  samples  from  MW-06  and  MW-11  contained  50  and  44,  respectively, 
of  the  compounds  in  the  standard  mixture.  These  wells  each  contain  more  than  2,000 
pg/L  of  total  BTEX  and  are  located  50  to  70  feet  north  of  the  ditch  along  Phyliss 
Drive. 


4. 4.2.9  Alkalinity 

Total  alkalinity  (as  calcium  carbonate)  was  measured  in  groundwater  samples 
collected  in  January  1995.  These  measurements  are  summarized  in  Table  4.6. 
Alkalinity  is  a  measure  of  the  ability  of  groundwater  to  buffer  changes  in  pH  caused  by 
the  addition  of  biologically  generated  acids.  Total  alkalinity  at  the  site  is  in  the  low 
range  for  groundwater,  varying  from  3  mg/L  at  well  GM-34  to  570  mg/L  at  monitoring 
point 

MP-34S.  This  level  of  alkalinity  might  not  be  sufficient  to  buffer  potential  changes  in 
pH  caused  by  biologically  mediated  BTEX  oxidation  reactions;  therefore,  it  might  not 
be  possible  to  utilize  some  electron  receptors  to  their  full  availability. 

4.4.2.10  pH 

pH  was  measured  for  groundwater  samples  collected  from  groundwater  monitoring 
points  and  monitoring  wells  in  January  1995.  These  measurements  are  summarized  in 
Table  4.6.  The  pH  of  a  solution  is  the  negative  logarithm  of  the  hydrogen  ion 
concentration  [H+].  Groundwater  pH  measured  at  the  site  ranges  from  4.9  to  7.5. 
This  range  of  pH  overlaps  the  optimal  range  for  BTEX-degrading  microbes.  As 
groundwater  pH  becomes  increasingly  acidic,  bacteria  as  a  group  are  less  successful, 
but  fungi  are  more  successful  (Atlas,  1988;  Brock  et  al.,  1994). 

4.4.2.11  Temperature 

Groundwater  temperature  was  measured  at  groundwater  monitoring  points  and 
monitoring  wells  in  January  1995.  Table  4.6  summarizes  groundwater  temperature 
readings.  Temperature  affects  the  types  and  growth  rates  of  bacteria  that  can  be 
supported  in  the  groundwater  environment,  with  higher  temperatures  generally  resulting 
in  higher  growth  rates.  Temperatures  in  the  shallow  aquifer  varied  from  16.3  degrees 
Celsius  (°C)  to  20.5°C.  These  are  moderately  warm  temperatures  for  shallow 
groundwater,  suggesting  that  bacterial  growth  rates  should  be  stimulated. 

4.4.3  Discussion 

Numerous  laboratory  and  field  studies  have  shown  that  hydrocarbon-degrading 
bacteria  can  participate  in  the  degradation  of  many  of  the  chemical  components  of  jet 
fuel  and  gasoline,  including  the  BTEX  compounds  (e.g.,  Jamison  et  al.,  1975;  Atlas, 
1981,  1984,  1988;  Gibson  and  Subramanian,  1984;  Reinhard  et  al.,  1984;  Young, 
1984;  Bartha,  1986;  Wilson  et  al.,  1986,  1987,  and  1990;  Barker  et  al.,  1987; 
Baedecker  et  al.,  1988;  Lee,  1988;  Chiang  et  al.,  1989;  Grbic-Galic,  1989  and  1990; 
Cozzarelli  et  al.,  1990;  Leahy  and  Colewell,  1990;  Altenschmidt  and  Fuchs,  1991; 
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Alvarez  and  Vogel,  1991;  Baedecker  and  Cozzarelli,  1991;  Ball  et  al.,  1991;  Bauman, 
1991;  Borden,  1991;  Brown  et  al.,  1991;  Edwards  et  al.,  1991  and  1992;  Evans  et  al., 
1991a  and  1991b;  Haag  et  al.,  1991;  Hutchins  and  Wilson,  1991;  Hutchins  et  al., 
1991a  and  1991b;  Beller  et  al. ,  1992;  Bouwer,  1992;  Edwards  and  Grbic-Galic,  1992; 
Thierrin  et  al.,  1992;  Malone  et  al.,  1993;  Davis  et  al.,  1994).  Biodegradation  of  fuel 
hydrocarbons  can  occur  when  an  indigenous  population  of  hydrocarbon-degrading 
microorganisms  is  present  in  the  aquifer  and  sufficient  concentrations  of  electron 
acceptors  and  nutrients,  including  fuel  hydrocarbons,  are  available  to  these  organisms. 

Comparison  of  BTEX,  electron  acceptor,  and  biodegradation  byproduct  isopleth 
maps  provides  strong  qualitative  evidence  of  biodegradation  of  BTEX  compounds. 
Isopleth  maps  suggest  that  three  electron  receptors  are  particularly  active  in  the 
biodegradation  of  BTEX  compounds  at  the  POL:  ferric  iron  (indicated  by  the  presence 
of  ferrous  iron),  sulfate,  and  carbon  dioxide  (indicated  by  the  presence  of  methane). 
Typically,  zones  of  elevated  methane  concentration,  depleted  sulfate  concentration,  and 
elevated  ferrous  iron  concentration  coincide  through  the  core  region  of  the  BTEX 
plume  because  of  the  preferred  order  of  electron  receptor  utilization  as  redox  potential 
declines.  At  the  POL,  however,  the  plumes  are  partially  separated,  with  each  plume 
occupying  a  slightly  different  area  of  the  BTEX  source  area.  This  separation  likely 
results  from  the  preference  of  the  biodegrading  microbes  for  a  specific  range  of 
groundwater  conditions.  Conditions  present  at  any  given  location  may  either  stimulate 
or  inhibit  the  various  microbes.  As  noted  above,  both  alkalinity  and  pH  conditions 
vary  considerably  across  the  site  and  may  affect  the  activity  levels  of  indigenous 
microbes. 

Methanogenesis  is  most  prevalent  across  the  western  and  central  portions  of  the 
fueling  road  median,  whereas  sulfate  reduction  appears  to  be  most  active  along  the 
eastern  side  of  the  fueling  median,  beneath  the  1,050,000-gallon  AST,  and  along  the 
ditch.  The  presence  of  42  mg/L  of  sulfate  at  the  mobile  LNAPL  well  MW-04  suggests 
that  little  if  any  sulfate  reduction  is  occurring  through  parts  of  the  western  portion  of 
the  LNAPL  plume.  Iron  reduction  has  been  active  in  areas  overlying  regions  of  the 
highest  BTEX  concentration,  methanogenesis  activity,  and  sulfate  reduction  activity; 
however,  two  regions  with  very  high  BTEX  concentrations  exhibit  low  ferrous  iron 
concentrations:  1)  between  monitoring  point  MP-36S  and  monitoring  well  MW-06  and 
2)  near  the  mobile  LNAPL  well  MW-05.  It  is  possible  that  the  process  of  iron 
reduction  is  inhibited  by  low  alkalinity,  as  these  three  wells  also  have  the  lowest 
alkalinity  values  within  the  core  of  the  BTEX  (25  mg/L  or  less). 

4.4.4  Expressed  Assimilative  Capacity 

The  data  presented  in  the  preceding  sections  suggest  that  mineralization  of  BTEX 
compounds  is  occurring  through  the  microbially  mediated  processes  of  iron  reduction, 
sulfate  reduction,  and  methanogenesis.  On  the  basis  of  the  stoichiometry  presented  in 
Table  4.5,  the  expressed  BTEX  assimilative  capacity  of  groundwater  at  the  POL  is  at 
least  28,200  pg/L  (Table  4.7). 
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TABLE  4.7 

EXPRESSED  ASSIMILATIVE  CAPACITY  OF  SITE  GROUNDWATER 
POL  BULK  FUEL  STORAGE  AREA 
INTRINSIC  REMEDIATION  CAS 
MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Electron  Acceptor  or  Process 

Expressed  BTEX 
Assimilative  Capacity  (pg/L) 

Dissolved  Oxygen 

120 

Nitrate 

0 

Iron  Reduction 

1,600 

Sulfate 

4,500 

Methanogenesis 

22,000 

Expressed  Assimilative  Capacity 

28,200 

A  closed  system  with  two  liters  of  water  can  be  used  to  help  visualize  the  physical 
meaning  of  assimilative  capacity.  Assume  that  the  first  liter  contains  no  fuel 
hydrocarbons,  but  it  contains  fuel  degrading  microorganisms  and  has  an  assimilative 
capacity  of  exactly  “x”pg  of  fuel  hydrocarbons.  The  second  liter  has  no  assimilative 
capacity;  however,  it  contains  fuel  hydrocarbons.  As  long  as  these  two  liters  of  water 
are  kept  separate,  biodegradation  of  the  fuel  hydrocarbons  will  not  occur.  If  these  two 
liters  are  combined  in  a  closed  system,  biodegradation  will  commence  and  continue 
until  the  fuel  hydrocarbons  are  depleted,  the  electron  acceptors  are  depleted,  or  the 
environment  becomes  acutely  toxic  to  the  fuel  degrading  microorganisms.  Assuming  a 
non-lethal  environment,  if  fewer  than  ux”  pg  of  fuel  hydrocarbons  were  in  the  second 
liter,  all  of  the  fuel  hydrocarbons  will  eventually  degrade  given  a  sufficient  time; 
likewise,  if  greater  than  “x”  pg  of  fuel  hydrocarbons  were  in  the  second  liter  of  water, 
only  “x”  pg  of  fuel  hydrocarbons  would  ultimately  degrade. 

The  groundwater  beneath  a  site  is  an  open  system,  which  continually  receives 
additional  electron  receptors  from  through  the  flow  of  the  aquifer  and  the  percolation  of 
precipitation.  This  means  that  the  assimilative  capacity  is  not  a  fixed  entity  as  it  is  in  a 
closed  system,  and  therefore  cannot  be  compared  directly  to  contaminant  concentration 
in  the  groundwater.  Rather,  the  expressed  assimilative  capacity  of  groundwater  is 
intended  to  serve  as  a  qualitative  tool.  Although  the  expressed  assimilative  capacity  at 
this  site  is  greater  than  the  highest  measured  total  BTEX  concentration  (18,270  pg/L), 
the  fate  of  BTEX  in  groundwater  and  the  potential  impact  to  receptors  is  dependent  on 
the  relationship  between  the  kinetics  of  biodegradation  and  the  solute  transport  velocity 
(Chapelle,  1994).  This  significant  expressed  assimilative  capacity  is  a  strong  indicator 
that  biodegradation  is  occurring;  however,  it  is  not  an  indication  that  biodegradation 
will  proceed  to  completion  before  potential  downgradient  receptors  are  impacted. 

At  the  Myrtle  Beach  POL,  the  groundwater  appears  to  have  sufficient  assimilative 
capacity  to  degrade  the  observed  dissolved  BTEX  and  limit  plume  migration. 
However,  thousands  of  gallons  of  LNAPL  are  available  to  continually  replenish 
dissolved  BTEX  concentrations.  Furthermore,  sampling  and  analysis  has  documented 
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that  groundwater  with  total  BTEX  concentrations  of  several  thousand  micrograms  per 
liter  is  being  discharged  into  the  drainage  ditch  south  of  the  POL.  In  addition,  mobile 
LNAPL  has  been  observed  seeping  from  the  northern  ditch  shore  and  floating  on  the 
surface  water  of  the  ditch  south  of  the  POL.  Discharge  of  dissolved  BTEX  also  may  be 
occurring  at  the  ditch  north  of  the  POL,  as  suggested  by  isopleths  of  total  BTEX 
concentration  in  the  groundwater.  Even  if  the  groundwater  assimilative  capacity  could 
attenuate  both  the  dissolved  and  free-phase  hydrocarbons,  it  has  been  shown  that  the 
rate  of  assimilation  is  insufficient  to  prevent  the  discharge  of  contamination  into  the 
surface  water.  Natural  attenuation  of  BTEX  in  groundwater  should,  therefore,  only  be 
considered  as  one  small  component  of  the  remedial  solution  to  be  implemented  at  the 
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SECTION  5 

GROUNDWATER  MODEL 


5.1  GENERAL  OVERVIEW  AND  MODEL  DESCRIPTION 

In  order  to  help  estimate  degradation  rates  for  dissolved  BTEX  compounds  at  the 
POL  site  and  to  help  predict  the  future  migration  of  these  compounds,  Parsons  ES 
modeled  the  fate  and  transport  of  the  dissolved  BTEX  plume.  The  modeling  effort  had 
three  primary  objectives:  1)  to  predict  the  future  extent  and  concentration  of  the 
dissolved  contaminant  plume  by  modeling  the  combined  effects  of  advection, 
dispersion,  sorption,  and  biodegradation;  2)  to  assess  the  mass  loading  of  BTEX  at  the 
creek  south  of  the  POL  as  a  result  of  groundwater  discharge;  and  3)  to  provide 
technical  support  for  the  evaluation  of  the  intrinsic  remediation  option  at  post-modeling 
regulatory  negotiations.  The  model  was  developed  using  site-specific  data  and 
conservative  assumptions  about  governing  physical  and  chemical  processes.  Due  to  the 
conservative  nature  of  the  model  input,  the  reduction  in  contaminant  mass  resulting 
from  the  process  of  natural  attenuation  is  expected  to  exceed  model  predictions.  This 
analysis  is  not  intended  to  represent  a  baseline  assessment  of  potential  risks  posed  by 
site  contamination. 

The  Bioplume  II  code  was  used  to  estimate  the  potential  for  dissolved  BTEX 
migration  and  degradation  by  naturally  occurring  mechanisms  operating  at  the  POL. 
The  Bioplume  II  model  incorporates  advection,  dispersion,  sorption,  and 
biodegradation  to  simulate  contaminant  plume  migration  and  degradation.  The  model 
is  based  upon  the  USGS  Method  of  Characteristics  (MOC)  two-dimensional  (2-D) 
solute  transport  model  of  Konikow  and  Bredehoeft  (1978).  The  model  was  modified 
by  researchers  at  Rice  University  to  include  a  biodegradation  component  that  is 
activated  by  a  superimposed  DO  plume.  On  the  basis  of  the  work  of  Borden  and 
Bedient  (1986),  the  model  assumes  a  reaction  between  DO  and  BTEX  that  is 
instantaneous  relative  to  the  advective  groundwater  velocity.  Bioplume  II  solves  the 
USGS  2-D  solute  transport  equation  twice,  once  for  hydrocarbon  concentrations  in  the 
aquifer  and  once  for  a  DO  plume.  The  two  plumes  are  combined  using  superposition 
at  every  particle  move  to  simulate  the  instantaneous,  biologically-mediated  reaction 
between  hydrocarbons  and  oxygen. 

In  recent  years  it  has  become  apparent  that  anaerobic  processes  such  as 
denitrification,  iron  reduction,  sulfate  reduction,  and  methanogenesis  can  be  important 

B,TEX^gradation  mechanisms  (Grbic'-Galic',  1990;  Beller  et  al.,  1992;  Edwards  et 
al,  1992;  Edwards  and  Grbic'-Galic',  1992;  Grbic'-Galic'  and  Vogel,  1987;  Lovley 
et  al.,  1989;  Hutchins,  1991).  Because  geochemical  evidence  supports  the  occurrence 
of  anaerobic  biodegradation  processes  at  the  POL  (Section  4.4.2),  the  combined 
processes  of  aerobic  and  anaerobic  biodegradation  were  considered  in  modeling  BTEX 
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fate  and  transport  at  the  site.  The  following  subsections  discuss  in  detail  the  input 
parameters,  the  model  assumptions,  the  model  calibration,  and  the  simulation  results. 

5.2  CONCEPTUAL  MODEL  DESIGN  AND  ASSUMPTIONS 

Prior  to  developing  a  groundwater  model,  it  is  important  to  determine  if  sufficient 
data  are  available  to  provide  a  reasonable  estimate  of  aquifer  conditions.  In  addition,  it 
is  important  to  ensure  that  any  limiting  assumptions  can  be  justified.  The  most 
important  assumption  made  when  using  the  Bioplume  II  model  is  that  oxygen-limited 
biodegradation  is  occurring  at  the  site.  The  Bioplume  II  model  assumes  that  the 
limiting  factors  for  biodegradation  are:  1)  the  presence  of  an  indigenous  hydrocarbon¬ 
degrading  microbial  population,  and  2)  sufficient  background  electron  acceptor 
concentrations.  Data  and  information  presented  in  Sections  3  and  4  suggest  that 
oxygen,  ferric  hydroxide,  sulfate,  and  carbon  dioxide  (methanogenesis)  are  being  used 
as  electron  acceptors  for  aerobic  and  anaerobic  biodegradation. 

On  the  basis  of  the  data  presented  in  Section  3,  the  aquifer  is  vertically  defined  by 
layers  of  fine-  to  medium-grained  sands  interbedded  with  lenses  and  layers  of  clay. 
The  majority  of  dissolved  BTEX  contamination  preferentially  migrates  from  the  site  in 
the  upper-most  alluvial  layer  that  is  5  to  13  feet  in  thickness  and  is  characterized  by 
clean  sands.  Lithologic  data  from  soil  borings  and  CPT  pushes  (Section  3)  suggest  that 
this  alluvial  deposit  is  confined  at  depth  by  a  dense  layer  of  clay  at  approximately  20 
teet  bgs.  The  site  is  bounded  on  three  sides  by  creeks  that  may  serve  both  as  recharge 
and  discharge  locations  for  groundwater  in  the  shallow  aquifer.  Groundwater  enters 
the  site  from  saturated  soils  to  the  east.  Site  stratigraphy  and  groundwater  elevations 
suggest  that  the  majority  of  groundwater  at  the  site  flows  to  the  west  near  the  source  of 
the  plume  (near  MW-05),  then  turns  sharply  south  (near  MW-04)  and  migrates  toward 
the  southern  stretch  of  the  westerly  flowing  creek  that  borders  the  south  side  of  the  site 
(figure  3.6).  A  subtler  groundwater  flow  path  channels  water  toward  the  creek 
northwest  of  the  site  and  toward  the  confluence  of  the  two  creeks  west  of  the  POL* 

however,  these  pathways  appear  to  transmit  less  groundwater  than  the  southern 
preferential  flow  path. 


The  shallow  alluvial  layer  was  conceptualized  and  modeled  as  a  shallow  unconfined 
aquifer  composed  of  fine-  to  medium-grained  sand  (Figures  3.3,  3.4,  and  3.5).  The 
average  saturated  thickness  of  this  layer  was  estimated  at  10  feet.  The  use  of  a  2-D 
model  is  appropriate  at  the  POL  site  because  the  shallow  saturated  interval  (acting  as 
the  dominant  transport  pathway)  is  relatively  homogenous.  Furthermore,  the  local  flow 
system,  as  defined  by  groundwater  elevation  data  and  the  underlying  silty  sand  and  clay 
layer,  inhibits  significant  downward  vertical  migration  of  dissolved  BTEX 
contamination. 


BTEX  is  known  to  emanate  from  large  sources  of  mobile  LNAPL  contamination  and 
a  large  fringe  of  residual  soil  contamination  as  a  result  of  fuels  storage  (primarily  JP- 
),  istribution  system  leaks,  and  spills  during  refueling  operations.  Contaminated 
S01!S  at  Slte  have  not  been  remediated,  although  several  USTs  have  been  removed 
and  the  ASTs  and  related  infrastructure  have  been  drained.  No  additional  fuel  releases 
are  expected  at  the  site,  and  only  BTEX  contamination  leaching  from  the  mobile  and 
residual  LNAPL  contamination  at  the  site  was  considered  as  a  continuing  source  for  the 
dissolution  of  BTEX  into  groundwater  over  time. 
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5.3  INITIAL  MODEL  SETUP 

The  setup  for  this  model  was  based  on  available  site  data.  Where  site-specific  data 
were  not  available  (e.g.,  effective  porosity),  reasonable  assumptions  for  the  types  of 
materials  comprising  the  shallow  aquifer  were  made  based  on  widely  accepted  literature 
values.  The  following  sections  describe  the  basic  model  setup.  Those  Bioplume  II 
model  parameters  that  were  varied  during  model  calibration  are  discussed  in  Section 
5.4. 

5.3.1  Grid  Design  and  Boundary  Conditions 

The  maximum  grid  size  for  the  Bioplume  II  model  is  limited  to  20  columns  by  30 
rows.  The  dimension  of  each  column  and  row  can  range  from  0.1  to  999.9  feet.  A 
20-  by  30-cell  grid  was  used  to  model  the  POL  site.  Each  grid  cell  was  60  feet  long  by 
60  feet  wide.  The  grid  was  oriented  so  that  the  longest  dimension  was  parallel  to  the 
westerly  flowing  sections  of  the  creeks  bordering  the  site  to  the  north  and  south.  The 
grid  encompasses  the  existing  BTEX  plume  with  an  area  of  2.16  million  square  feet,  or 
approximately  50  acres.  The  full  extent  of  the  model  grid  is  indicated  on  Figure  5.1. 

Model  boundaries  are  mathematical  statements  that  represent  hydrogeologic 
boundaries,  such  as  areas  of  specified  head  (i.e.,  surface  water  bodies  or  contour  lines 
of  constant  hydraulic  head)  or  specified  flux.  Hydrogeologic  boundaries  are 
represented  by  three  mathematical  statements  that  describe  the  hydraulic  head  at  the 
model  boundaries.  These  include: 

•  Specified-head  boundaries  (Dirichlet  condition)  for  which  the  head  is  determined 
as  a  function  of  location  and  time  only.  Surface  water  bodies  exhibit  constant 
head  conditions.  Specified-head  boundaries  are  expressed  mathematically  as: 

Head  =  f(x,y,z,t) 

where  /  is  the  function  symbol,  x,y,  and  z  are  position  coordinates,  and  t  is  time. 

♦  Specified-flow  boundaries  (Neumann  conditions)  for  which  the  mathematical 
description  of  the  flux  across  the  boundary  is  given.  The  flux  is  defined  as  a 
volumetric  flow  rate  per  unit  area  (i.e.,  ftW/day).  No-flow  boundaries  are  a 
special  type  of  specified-flow  boundary  and  are  set  by  specifying  the  flux  to  be 
zero.  Examples  of  no-flow  boundaries  include  groundwater  divides  and 
impermeable  hydrostratigraphic  units.  Specified-flux  boundaries  are  expressed 
mathematically  as: 


Flux  =  f(x,y,z,t) 

•  Head-dependent  flow  boundaries  (Cauchy  or  mixed-boundary  conditions)  where 
the  flux  across  the  boundary  is  calculated  from  a  given  boundary  head  value. 
This  type  of  flow  boundary  is  sometimes  referred  to  as  a  mixed-boundary 
condition  because  it  is  a  combination  of  a  specified-head  boundary  and  a 
specified-flow  boundary.  Head-dependent  flow  boundaries  are  used  to  model 
leakage  across  semipermeable  boundaries.  Head-dependent  flow  boundaries  are 
expressed  mathematically  as  (Bear,  1979): 
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APPROXIMATE  DIRECTION  OF 
GROUNDWATER  FLOW 


Denver.  Colorado 


Flux  = 


(h0-h)k' 

B' 

Where:  H  =  Head  in  the  zone  being  modeled  (generally  the  zone 

containing  the  contaminant  plume) 

H0  =  Head  in  external  zone  (separated  from  plume  by 
semipermeable  layer) 

K’  =  Hydraulic  conductivity  of  semipermeable  layer 

B’  =  Thickness  of  semipermeable  layer. 

Natural  hydraulic  boundaries  are  modeled  using  a  combination  of  the  three  types  of 
model  boundary  conditions  listed  above.  When  possible,  hydrologic  boundaries  such 
as  surface  water  bodies,  groundwater  divides,  contour  lines,  or  hydrologic  barriers 
should  coincide  with  the  perimeter  of  the  model.  In  areas  lacking  obvious  hydrologic 
boundaries,  specified-head  or  specified-flux  boundaries  can  be  specified  at  the  model 
perimeter  if  the  boundaries  are  far  enough  removed  from  the  contaminant  plume  that 
transport  calculations  are  not  affected.  Bioplume  II  requires  the  entire  model  domain  to 
be  bounded  by  zero-flux  cells  (also  known  as  no-flow  cells),  with  other  boundary 
conditions  established  within  the  subdomain  specified  by  the  no-flow  cells. 

Specified-head  boundaries  for  the  model  were  set  on  all  sides  of  the  model  grid. 
Typically  in  two-dimensional  models,  two  rows  of  specified-head  boundaries  are 
sufficient  to  simulate  the  flow  of  groundwater  for  sites  that  are  hydrogeologically 
complex  or  bounded  by  adjacent  lakes  or  streams.  However,  placement  of  specified- 
head  cells  on  all  sides  of  the  model  grid  for  the  POL  site  was  appropriate  because  the 
site  is  bounded  by  drainages  on  the  north,  south,  and  west  and  elevated  groundwater 
elevations  to  the  east.  The  head  of  the  eastern  boundary  was  estimated  to  be  from  15  to 
22  feet  above  msl  and  represents  the  level  of  groundwater  in  this  portion  of  the  site. 
The  heads  of  the  model  grid  boundaries  coinciding  with  the  east/west  and 
northwest/southeast  stretches  of  the  creek  south  of  the  POL  were  estimated  from  12.5 
to  14  feet  msl.  The  heads  along  the  northern  model  boundary  coincide  with  the 
westerly  flowing  creek  to  the  north  of  the  site  and  range  from  21  to  13.4  feet  msl. 

The  base  or  lower  boundary  of  the  model  is  assumed  to  be  no-flow,  and  is  defined 
by  the  upper  surface  of  the  silty  sand  and  clay  layer  located  approximately  20  feet  bgs. 
The  upper  model  boundary  is  defined  by  the  simulated  water  table  surface. 

5.3.2  Groundwater  Elevation  and  Gradient 

The  water  table  elevation  map  presented  in  Figure  3.6  was  used  to  define  the  heads 
used  as  initial  input  into  the  Bioplume  II  model.  Groundwater  flow  in  the  vicinity  of 
the  POL  is  to  the  west  and  south  with  a  gradient  range  over  the  modeled  area  of 
approximately  0.057  ft/ft  to  0.003  ft/ft.  Gradients  are  lowest  in  the  vicinity  of  the 
ASTs  and  highest  near  the  edge  of  the  southern  creek. 

Seasonal  variations  in  groundwater  flow  direction  are  not  well  documented.  An 
unusual  amount  of  precipitation  that  occurred  prior  to  the  collection  of  field  data 
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(January  1995)  is  suspected  to  have  altered  normal  groundwater  flow  directions, 
especially  near  a  normally  dry  drainage  channel  originating  near  GP-4  and  running 
southwest  to  the  main  creek  south  of  the  POL.  Under  normal  rainfall  conditions,  this 
drainage  channel  is  not  believed  to  influence  the  groundwater  table.  Therefore, 
groundwater  elevations  would  be  expected  under  normal  conditions  to  more  closely 
parallel  the  channel  of  the  main  creek  a  few  feet  to  the  south.  As  described  in 
Section  5.4.1,  the  model  was  calibrated  to  a  reasonable  match  of  the  observed  water 
table  with  allowance  for  the  unusual  amount  of  precipitation  in  January  1995. 

5.3.3  BTEX  Concentrations 

As  noted  in  Section  5.2,  dissolved  BTEX  enters  groundwater  at  the  POL  through 
two  on-going  processes:  contact  between  groundwater  and  mobile  or  residual  LNAPL 
at  or  below  the  water  table  and  migration  of  recharge  (precipitation)  through  soil 
containing  mobile  or  residual  LNAPL  above  the  water  table. 

Mobile  LNAPL  comprises  the  largest  continuing  source  of  dissolved  BTEX  to  the 
shallow  groundwater.  Therefore,  the  source  in  the  model  was  simulated  using  33 
BTEX  injection  wells  that  approximately  coincide  with  the  estimated  area  of  mobile 
LNAPL.  It  was  not  possible  to  simulate  source  injection  throughout  the  entire  region 
of  residual  LNAPL  because  the  Bioplume  II  limit  of  50  source  wells  would  have  been 
exceeded.  Instead,  the  estimated  contribution  from  the  residual  LNAPL  was 
incorporated  into  the  33  mobile  LNAPL  source  simulation  wells.  The  methods  used  to 
estimate  the  leaching  potential  of  the  LNAPL  to  groundwater  are  described  in  Section 
5.4.2.  The  injection  volume  for  the  injection  wells  was  set  at  a  rate  low  enough  that 
the  hydraulic  calibration  for  the  model  was  not  affected. 

The  total  dissolved  BTEX  concentrations  obtained  from  laboratory  analytical  results 
for  each  well  and  monitoring  point  location  were  used  for  model  development.  At 
well/point  nests,  the  BTEX  concentration  in  the  shallowest  well  was  selected  to 
represent  concentrations  in  the  shallow  aquifer.  Table  4.3  presents  dissolved  BTEX 
concentration  data.  Figure  5.1  shows  the  areal  distribution  of  dissolved  BTEX 
compounds  in  shallow  groundwater.  Figure  4.4  shows  the  vertical  distribution  of 
dissolved  BTEX  in  groundwater  along  the  preferential  groundwater  flow  pathway. 
Sections  5.3.3. 1  and  5. 3. 3.2  describe  the  methods  used  to  estimate  the  BTEX  leaching 
rates  from  LNAPL  in  soil  used  to  calibrate  the  observed  BTEX  plume. 

5.3.3. 1  Source  Estimate  for  Mobile  LNAPL  Contamination 

The  presence  of  zones  of  mobile  LNAPL  floating  on  the  groundwater  table  at  the 
POL  has  been  identified  as  a  potentially  significant  source  of  contaminant  mass  to 
groundwater.  The  Bioplume  II  model  requires  the  introduction  of  contamination  as  a 
concentration;  it  is  unable  to  estimate  the  source  contribution  resulting  from  a  LNAPL. 
Therefore,  OILENS,  which  is  one  of  the  major  modules  of  the  USEPA’s  (1994b) 
Hydrocarbon  Spill  Screening  Model  (HSSM),  was  used  to  quantify  the  dissolution  of 
contaminant  mass  from  LNAPL  into  the  groundwater.  The  HSSM  code  was  developed 
by  the  USEPA’s  NRMRL  to  aid  in  estimating  the  impacts  of  LNAPL  releases  on 
groundwater.  The  areal  extent  of  suspected  zones,  or  pockets,  of  mobile  LNAPL  are 
used  to  estimate  the  mass  transfer  of  chemical  constituents  in  the  LNAPL  into  the 
groundwater  via  infiltrating  rainfall  and  dissolution  caused  by  flowing  groundwater. 
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To  simplify  calculations,  OILENS  assumes  that  mobile  LNAPL  plumes  are  circular  in 
shape.  OILENS  calculates  the  mass  loading  to  groundwater  from  infiltrating  rainfall 
based  on  volume  flux  (Darcy  velocity)  of  the  precipitation  influx  and  the  equilibrium 
concentration  for  the  chemical  in  contact  with  water.  OILENS  calculates  the  mass 
loading  to  groundwater  from  dissolution  based  on  equilibrium  between  the  base  of  the 
circular  mobile  LNAPL  lens  and  the  migrating  groundwater.  An  explanation  of  the 
mathematical  basis  for  OILENS  is  included  in  Appendix  C  (EPA,  1994b). 

The  two  zones  of  mobile  LNAPL  detected  at  the  site  vary  in  size  and  volume.  The 
plume  in  the  proximity  of  monitoring  wells  MW-04  and  MW-05  is  the  larger  plume, 
with  an  area  of  approximately  80,000  square-feet.  This  area  translates  to  a  plume 
radius  of  approximately  160  feet  if  the  plume  is  assumed  to  be  circular.  Likewise,  the 
smaller  plume  around  GP-4  has  an  area  of  approximately  12,600  square  feet,  and  an 
equivalent  radius  of  59  feet  if  the  plume  is  assumed  to  be  circular.  Estimates  on  the 
mass  fraction  of  BTEX  in  the  mobile  LNAPL  were  conservatively  based  on  a  fresh  JP- 
4  fuel,  which  generally  has  higher  BTEX  mass  fractions  than  does  the  weathered 
mobile  LNAPL  measured  at  the  site  (see  Table  4.1).  Appendix  C  includes  the  model 
input  parameters  and  calculations  related  to  OILENS. 

An  important  parameter  in  the  OILENS  model  is  the  infiltration  rate  estimated  from 
annual  precipitation  rates.  The  annual  precipitation  rate  for  the  Myrtle  Beach  area  is 
49.8  inches.  On  the  basis  of  calculations  presented  in  Appendix  C,  an  estimated  30 
percent  of  this  annual  rainfall  is  expected  to  reach  the  groundwater  table  in  the  source 
area.  The  remaining  precipitation  was  assumed  to  be  lost  to  evaporation  and 
evapotranspiration.  Evaporation  was  considered  a  large  component  of  precipitation  loss 
because  a  low-permeability  clay  layer  near  the  surface  of  the  site  (Figures  3.3,  3.4,  and 
3.5)  contributes  to  the  pooling  of  water  in  depressions.  Pavement  and  moderate  slopes 
contribute  to  overland  runoff  into  surrounding  creeks  outside  of  the  source  area. 
Evapotranspiration  occurs  in  the  vegetated  site  areas,  primarily  those  covered  with  lush 
stands  of  grass.  Therefore,  the  estimated  recharge  rate  of  30  percent  per  year  was 
considered  reasonable  given  site  topography,  stratigraphy,  and  ground  cover. 

The  OILENS  model  predicted  that  under  current  conditions,  a  maximum  of  5,200 
mg  per  day  of  total  BTEX  (from  both  mobile  LNAPL  sources)  can  dissolve  into 
underlying  groundwater  as  a  result  of  direct  dissolution  at  the  LNAPL/groundwater 
interface.  An  additional  199,500  mg  per  day  of  total  BTEX  (from  both  LNAPL 
sources)  can  be  added  to  groundwater  from  mobile  LNAPL  contact  with  percolating 
surface  recharge. 


Less  contaminant  mass  will  be  available  to  act  as  a  continuing  source  to  groundwater 
as  the  mobile  LNAPL  weathers  over  time.  To  account  for  these  source  weathering 
effects,  OILENS  was  used  to  estimate  decreasing  mass  loading  rates  over  time.  The 
subsequent  mass  of  contaminants  in  the  LNAPL  in  the  final  calibrated  Bioplume  II 
model  (1995)  was  sequentially  reduced  by  the  mass  that  had  already  partitioned  from 
and  dissolved  into  groundwater.  As  the  LNAPL  weathers,  lower  mass  loading  rates 
are  expected.  An  example  calculation  on  how  weathering  impacts  were  factored  into 
OILENS  is  presented  in  Appendix  C.  Sufficient  contaminant  mass  was  measured  in  the 
mobile  LNAPL  at  the  POL  to  act  as  a  continuing  source  of  groundwater  contamination 
for  more  than  50  years.  Only  after  significant  natural  weathering  (>100  years),  would 
the  BTEX  mass  in  the  remaining  mobile  LNAPL  pockets  be  depleted. 
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5.3.3.2  Source  Estimate  of  Residual  LNAPL  Contamination 

In  addition  to  the  contaminant  contribution  from  mobile  LNAPL,  groundwater  can 
become  contaminated  when  BTEX  percolates  downward  through  residual  LNAPL 
contamination  and  into  groundwater  via  infiltrating  precipitation.  As  described  in 
Section  5.3.3. 1,  the  recharge  rate  for  the  site  is  estimated  at  5  percent  of  the  annual 
precipitation  rate  (49.8  inches). 

The  partitioning  of  total  BTEX  from  soil  into  downward  percolating  precipitation  is 
dominated  by  three  conditions:  1)  the  concentrations  of  BTEX  in  the  contaminated 
soil,  2)  the  concentrations  of  BTEX  already  present  in  the  percolating  precipitation,  and 
3)  the  contact  time  between  the  infiltrating  water  and  the  contaminated  soil.  It  was 
assumed  that  rainwater  percolating  into  the  soil  at  the  site  is  initially  devoid  of  BTEX 
contamination.  Contact  time  between  infiltrating  water  and  the  soil  contamination  is 
dependent  on  the  downward  percolation  rate.  This  parameter  is  difficult  to  estimate 
due  to  the  influences  of  season,  temperature,  soil  moisture,  porosity,  and  soil  type.  To 
be  conservative,  it  was  assumed  that  all  infiltrating  water  contacting  areas  of  soil 
contamination  were  under  equilibrium  conditions.  This  means  that  infiltrating  water 
would  be  in  contact  with  contaminated  soil  for  a  sufficient  length  of  time  to  allow 
maximum  concentration  of  each  of  the  BTEX  compounds  to  dissolve  and  reach 
underlying  groundwater. 

On  the  basis  of  the  work  described  by  Bruce  et  al.  (1991),  the  equilibrium  saturation 
concentration  of  fuel  hydrocarbon  compounds  in  water  can  be  estimated  by: 


cw  =  cyx* 


where: 

Cw  =  Concentration  of  a  compound  in  aqueous  solution 
Cf  =  Concentration  of  a  compound  in  source  soil 
Kfw  =  Partitioning  coefficient 

The  fraction  of  BTEX  in  weathered  residual  LNAPL  was  estimated  by  computing 
the  ratio  of  soil  BTEX  to  soil  total  petroleum  hydrocarbons  (TPH)  using  the  assumption 
that  soil  TPH  concentrations  were  representative  of  the  total  fuel  mass  sorbed  to  the 
soil.  This  fraction  was  then  compared  to  the  fraction  of  BTEX  in  unweathered  JP-4  to 
estimate  a  concentration  of  BTEX  in  the  weathered  residual  LNAPL  in  units  of  pg/L. 
The  concentration  was  used  to  estimate  the  potential  leaching  rate  of  BTEX  to 
groundwater  in  the  areas  of  residual  soil  contamination  at  the  site.  The  BTEX  and 
TPH  concentrations  used  for  the  leaching  rate  estimate  were  taken  from  sampling 
location  CPT-6  because  it  was  adjacent  to  mobile  LNAPL  contamination,  and  therefore 
provides  a  conservative  estimate  for  the  entire  site.  Outside  the  area  of  mobile 
LNAPL,  the  residual  LNAPL  is  likely  to  exist  in  a  more  weathered  state  (i.e.,  lower 
BTEX  fraction)  and  at  lower  concentrations.  According  to  the  partitioning  coefficients 
that  describe  the  relative  solubility  of  each  BTEX  compound  (see  Appendix  C), 
benzene  had  the  fastest  dissolution  rate,  followed  by  toluene,  ethylbenzene,  and  the 
xylenes,  respectively. 
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Appendix  C  contains  the  calculations  for  the  residual  LNAPL  source  term  for  the 
groundwater  model.  Approximately  0.044  mg/day-ft2  of  BTEX  contamination  are 
estimated  to  reach  groundwater  from  residual  LNAPL  contamination.  Summed  over  a 
suspected  area  of  residual  contamination  of  175,000  square  feet,  the  residual  BTEX 
source  loading  for  the  entire  POL  site  is  estimated  at  7,740  mg/day. 

5. 3.3.3  Combined  Mobile  and  Residual  LNAPL  Dissolution  Rates 

The  results  of  Sections  5.3.3. 1  and  5. 3. 3. 2  suggest  that  the  greatest  contribution  of 
BTEX  to  groundwater  at  the  site  is  from  infiltration  that  has  contacted  mobile  LNAPL 
contamination.  Approximately  199,500  mg/day  of  BTEX,  or  94  percent  of  the  entire 
source  potential  at  the  site,  is  introduced  to  groundwater  as  a  result  of  infiltration 
contacting  mobile  LNAPL.  Direct  dissolution  from  LNAPL  in  contact  with  the 
groundwater  and  infiltration  through  areas  of  residual  LNAPL  are  estimated  to 
contribute  5,200  and  7,740  mg/day,  respectively.  The  total  weathering  rate  is 
conservative  because  vadose  zone  biodegradation  and  volatilization  have  not  been 
included.  Under  favorable  site  conditions  these  two  processes  can  account  for 
significant  mobile  and  residual  LNAPL  degradation;  however,  at  the  Myrtle  Beach 
POL,  a  clayey  surface  layer  is  expected  to  reduce  the  effectiveness  of  these  processes 
by  inhibiting  the  movement  of  soil  gas  between  the  surface  and  the  contamination. 

As  mentioned  in  Section  5.3.3,  mobile  and  residual  LNAPL  loading  rates  were 
combined  for  simulated  loading  via  injection  wells  in  33  grid  cells  in  the  Bioplume  II 
model.  Twenty-eight  grid  cells  were  used  for  source  loading  in  the  large  plume  along 
the  former  fueling  road  median,  and  five  grid  cells  were  used  to  simulate  source 
loading  for  the  small  LNAPL  plume  in  the  vicinity  of  the  oil/ water  separator  (Figure 
5.2).  The  average  loading  rates  of  BTEX  were  estimated  at  6,670  pg/L  and  5,130 
pg/L  per  cell  per  day  within  the  large  and  small  LNAPL  plumes,  respectively. 

5.3.4  Anaerobic  Degradation  Rates 

Available  data  strongly  suggest  that  anaerobic  degradation  is  occurring  at  the  site. 
Combined  anaerobic  processes  account  for  over  99.5  percent  of  the  assimilative 
capacity  of  site  groundwater  (Table  4.7).  Anaerobic  degradation  must  therefore  be 
simulated  with  Bioplume  II  to  make  meaningful  predictions.  The  Bioplume  II  model 
simulates  anaerobic  biodegradation  by  assuming  that  such  degradation  follows  first- 
order  kinetics.  As  with  a  large  number  of  biological  processes,  anaerobic 
biodegradation  can  generally  be  described  using  a  first-order  rate  constant  and  the 
equation: 


Where:  C  =  Contaminant  Concentration  at  Time  t 

C0  =  Initial  Contaminant  Concentration 
k  =  Coefficient  of  Anaerobic  Decay  (anaerobic  rate  constant) 


t  =  time 
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Two  methods  of  calculating  the  anaerobic  rate  constant  are  currently  available  to 
quantify  rates  of  biodegradation  at  the  field  scale  and  area  applicable  for  use  with 
available  site  data.  The  first  method  involves  the  use  of  a  biologically  recalcitrant 
compound  found  in  the  dissolved  BTEX  plume  that  can  be  used  as  a  conservative 
tracer.  The  second  method,  proposed  by  Buscheck  and  Alcantar  (1995)  involves 
interpretation  of  a  steady-state  contaminant  plume  configuration  and  is  based  on  the 
one-dimensional  steady-state  analytical  solution  to  the  advection-dispersion  equation 
presented  by  Bear  (1979). 

5.3.4. 1  Trimethylbenzene  Tracer  Method 

In  order  to  calculate  anaerobic  rate  constants,  the  apparent  degradation  rate  must  be 
normalized  for  the  effects  of  dilution  caused  by  advective-dispersive  processes  and 
sorption.  This  can  be  accomplished  by  normalizing  the  concentration  of  each 
contaminant  to  the  concentration  of  a  component  of  jet  fuel  (a  tracer)  that  has  similar 
sorptive  properties  but  that  is  fairly  recalcitrant  to  biodegradation.  Observed  BTEX 
concentration  data  can  be  normalized  to  the  trimethylbenzene  (TMB)  isomers  1,3,5- 
TMB,  1,2,4-TMB,  and/or  1,2,3-TMB  or  to  another  tracer  with  similar  physiochemical 
properties,  such  as  TEMB.  The  TMB  and  TEMB  compounds  can  serve  as  good  tracers 
because  they  can  be  recalcitrant  under  anaerobic  conditions,  and  they  have  sorptive 
properties  similar  to  the  BTEX  compounds  (Cozzarelli  et  al.,  1990  and  1994).  Thus, 
these  compounds  are  assumed  to  respond  similarly  to  the  processes  of  advection, 
dispersion,  and  sorption  without  experiencing  a  reduction  in  concentration  due  to 
biodegradation. 

The  corrected  concentration  of  a  compound  is  the  concentration  of  the  compound 
that  would  be  expected  at  one  point  (B)  located  downgradient  from  another  point  (A) 
after  correcting  for  the  effects  of  dispersion,  dilution,  and  sorption  between  points  A 
and  B.  One  relationship  that  can  be  used  to  calculate  the  corrected  contaminant 
concentration  is: 

Cb.coit  =  Cb(TMBa/TMBb) 

Where:  CB  Corr  =  Corrected  concentration  of  compound  at  Point  B 

CB  =  Measured  concentration  of  compound  at  Point  B 
TMBa  =  Measured  TMB  concentration  at  Point  A 
TMBb  =  Measured  TMB  concentration  at  Point  B. 

A  log-linear  plot  of  the  corrected  contaminant  concentrations  versus  the  travel  time 
from  the  origin  can  be  used  to  determine  whether  the  data  set  can  be  described  using  a 
first-order  exponential  equation  [i.e. ,  the  coefficient  of  determination  (r2)  is  greater 
than  approximately  0.9].  When  this  occurs,  the  exponential  slope  can  be  used  as  the 
anaerobic  rate  constant. 

An  average  anaerobic  rate  constant  for  BTEX  decay  at  the  POL  was  determined 
from  March  1995  BTEX  and  TEMB  data  (Table  4.4).  As  noted  in  Section  3.3.2. 1, 
numerous  flow  paths  potentially  exist  at  the  site  and  are  demarcated  by  several 
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groundwater  divides  (Figure  3.6).  The  southernmost  flow  path  is  the  obvious  choice  to 
track  BTEX  and  TMB  concentrations  needed  for  the  estimation  of  an  anaerobic  decay 
rate  because  a  majority  of  BTEX  contamination  flows  along  this  flow  path  (as  observed 
on  Figure  4.3).  However,  two  problems  exist  that  disallow  the  use  of  this  flow  path 
for  use  in  the  estimation  of  an  anaerobic  biodegradation  rate:  1)  the  extent  of  mobile 
LNAPL  along  this  flow  path  extends  to  within  approximately  350  feet  of  the  creek 
south  of  the  site,  and  2)  fewer  than  three  data  points  are  available  from  the  shallow 
alluvial  zone  between  the  mobile  LNAPL  and  the  creek.  As  a  result,  the  preferential 
flow  path  defined  by  MW-4,  MW-2,  and  MP-15S  to  the  west  of  the  source  area  was 
selected  for  the  estimation  of  anaerobic  decay  rates.  Appendix  C  presents  the  data  for  a 
first-order  rate  constant  calculation  for  BTEX  using  1,2,3,5-tetramethylbenzene  as  a 
conservative  tracer. 


The  TEMB-corrected  total  BTEX  concentration  represents  the  theoretical  BTEX 
concentration  at  a  point  if  biodegradation  were  the  only  process  affecting  BTEX 
concentrations.  Biodegradation  estimates  (Appendix  C)  predict  an  anaerobic  rate 
constant  of  0.0014  day'  .  However,  r2  is  0.71  which  suggests  that  the  TEMB-corrected 
total  BTEX  concentrations  are  not  well  described  by  a  first-order  relationship. 
Therefore,  the  anaerobic  rate  constant  calculated  from  TEMB  data  may  not  be 
reflective  of  the  actual  biodegradation  rates. 

5.3. 4.2  Method  of  Buscheck  and  Alcantar 


Buscheck  and  Alcantar  (1995)  derive  a  relationship  that  allows  calculation  of  first- 
order  decay  rate  constants  for  steady-state  plumes.  This  method  involves  coupling  the 
regression  of  contaminant  concentration  (plotted  on  a  logarithmic  scale)  versus  distance 
downgradient  (plotted  on  a  linear  scale)  to  an  analytical  solution  for  one-dimensional, 
steady-state,  contaminant  transport  that  includes  advection,  dispersion,  sorption,  and 
biodegradation.  For  a  steady-state  plume,  the  first-order  decay  rate  is  given  by 
(Buscheck  and  Alcantar,  1995): 


Where: 


X 


X  = 


4a. 


1  +  2  « 


first-order  decay  rate 


1 

J 


vc  =  retarded  contaminant  velocity  in  the  x-direction 
ax  =  dispersivity 

k/vx  =  slope  of  line  determined  from  a  log-linear  plot  of  contaminant 
concentration  versus  distance  downgradient  along  flow  path 

The  first-order  decay  rate  includes  biodegradation  resulting  from  both  aerobic  and 
anaerobic  processes;  however,  in  the  absence  of  oxygen,  the  first-order  rate  is 
equivalent  to  the  anaerobic  decay  rate.  Appendix  C  presents  a  first-order  rate  constant 
calculation  for  BTEX  using  March  1995  data  at  the  POL  and  the  method  proposed  by 
Buscheck  and  Alcantar  (1995).  For  the  reasons  noted  in  Section  5.4.3. 1,  a  westerly 
groundwater  flow  path  through  wells  MW-4,  MW-2,  and  MP-15S  was  used  for  the 
prediction  of  a  biodegradation  rate.  An  exponential  fit  to  the  data  estimates  a  log-linear 
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slope  of  0.0255  meters  (m  )  which  was  in  turn  used  to  estimate  a  decay  constant  of 
0.0021  day  .  The  loss  of  BTEX  along  this  flow  path  has  an  excellent  closeness-of-fit 
to  a  first-order  biodegradation  decay  rate  because  the  calculated  r2  was  0.9968. 

5. 3. 4. 3  Selection  of  Anaerobic  Decay  Rarte  Constant 

A  review  of  recent  literature  indicates  that  higher  anaerobic  rate  constants  generally 
have  been  calculated  at  other  sites.  For  example,  Chapelle  (1994)  reported  that  at  two 
different  sites  with  anaerobic  groundwater  conditions,  the  anaerobic  rate  constants  were 
both  approximately  0.01  day'  .  Wilson  et  al.  (1994)  reported  first-order  anaerobic 
k;°^fradatlon  rates  of  °-05  to  1.3  week'1  (0.007  to  0.185  day'1);  Buscheck  et  al. 
(1993)  report  first-order  attenuation  rates  in  a  range  of  0.001  to  0.01  day'1*  and 
Stauffer  et  al.  (1994)  report  rate  constants  of  0.01  and  0.018  day'1  for  benzene  and  p- 
xylene,  respectively.  An  anaerobic  rate  constant  of  0.0021  day'1  was  used  in  the 
Bioplume  II  model  for  this  site.  This  value  was  selected  because  the  r2  estimated  by 
the  method  of  Buscheck  and  Alcantar  (1995)  was  considerably  closer  to  unity  than  the 
n  ^lmatedfrom  TEMB  normalization.  Furthermore,  an  anaerobic  decay  constant  of 
0.0021  day  is  at  the  low  end  of  the  range  of  values  reported  in  the  literature. 

I  heretore,  this  selected  biodegradation  rate  is  potentially  conservative. 

5.4  MODEL  CALIBRATION 

Model  calibration  is  an  important  component  in  the  development  of  any  numerical 
groundwater  model.  Calibration  of  the  flow  model  demonstrates  that  the  model  is 
capable  of  matching  hydraulic  conditions  observed  at  the  site;  calibration  of  a 
contaminant  transport  model  superimposed  upon  the  calibrated  flow  model  helps  verify 
t  at  contaminant  loading  and  transport  conditions  are  being  appropriately  simulated. 
The  numerical  flow  model  presented  herein  was  calibrated  by  altering  transmissivity 
and  constant-head  boundary  conditions  in  a  trial-and-error  fashion  until  simulated  heads 
approximated  observed  field  values  within  a  prescribed  accuracy.  After  calibration  of 
the  flow  model,  the  numerical  transport  model  was  calibrated  by  estimating  and 
adjusting  transport  parameters  in  a  trial-and-error  fashion  until  the  simulated  BTEX 
plume  approximated  observed  field  values.  Table  5.1  lists  input  parameters  used  for 
the  modeling  effort.  Model  input  and  output  files  are  included  in  Appendix  D. 

5.4.1  Water  Table  Calibration 

The  shallow  water  table  at  the  POL  site  was  assumed  to  be  influenced  by  continuous 
recharge  and  discharge  at  the  constant-head  cells  surrounding  the  model  grid.  The 
initial  water  levels  at  the  constant-head  cells  and  the  transmissivity  values  were  varied 
to  calibrate  the  water  table  surface.  The  model  was  calibrated  under  steady-state 

rnnnihnno  J 


Hydraulic  conductivity  is  an  important  aquifer  characteristic  that  determines  the 
ability  of  the  water-bearing  strata  to  transmit  groundwater.  Transmissivity  is  the 
product  of  the  hydraulic  conductivity  and  the  thickness  of  the  aquifer.  An  accurate 
estimate  of  hydraulic  conductivity  is  important  to  help  quantify  advective  groundwater 
flow  velocities  and  to  define  the  flushing  potential  of  the  aquifer  and  the  quantity  of 
electron-acceptor-charged  groundwater  that  is  entering  the  site  from  upgradient 
locations.  According  to  the  work  of  Rifai  et  al.  (1988),  the  Bioplume  II  model  is 
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TABLE  5.1 

BIOPLUME  II  MODEL  INPUT  PARAMETERS 
POL  BULK  FUEL  STORAGE  AREA 
INTRINSIC  REMEDIATION  CAS 
MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Model  Runs 

Parameter 

Description 

Calibrated 
Model  Setup 

MB1 

MB2 

MB3 

NTIM 

Maximum  number  of  time  steps  in  a  pumping 
period 

5 

5 

1 

1 

NPMP 

Number  of  Pumping  Periods 

1 

11 

31 

11 

NX 

Number  of  nodes  in  the  X  direction 

20 

20 

20 

20 

NY 

Number  of  nodes  in  the  Y  direction 

30 

30 

30 

30 

NPMAX 

Maximum  number  of  Particles:  NPMAX  = 
(N  X-2)(N  Y-2)(N  PTPN  D )  +  (Ns^XNPTPND) 
+  250 

5398 

5398 

5398 

5398 

NPNT 

Time  step  interval  for  printing  data 

1 

1 

1 

1 

NITP 

Number  of  iteration  parameters 

7 

7 

7 

7 

NUMOBS 

Number  of  observation  points 

0 

0 

0 

0 

ITMAX 

Maximum  allowable  number  of  iterations  in 
ADIPb/ 

200 

200 

200 

200 

NREC 

Number  of  pumping  or  injection  wells 

33 

33 

33 

33 

NPTPND 

Initial  number  of  particles  per  node 

9 

9 

9 

9 

NCODES 

Number  of  node  identification  codes 

1 

1 

1 

1 

NPNTMV 

Particle  movement  interval  (IMOV) 

0 

0 

0 

0 

NPNTVL 

Option  for  printing  computed  velocities 

1 

1 

1 

1 

NPNTD 

Option  to  print  computed  dispersion  equation 
coefficients 

1 

1 

1 

1 

NPDELC 

Option  to  print  computed  changes  in 
concentration 

0 

0 

0 

0 

NPNCHV 

Option  to  punch  velocity  data 

0 

0 

0 

o 

NREACT 

Option  for  biodegradation,  retardation  and 
decay 

1 

1 

1 

1 

PINT 

Pumping  period  (  years)  — j 

10 

p 

—~V 

X 

o 

10,  1  (x30) 

10  1 (xlO) 

TOL 

Convergence  criteria  in  ADIP 

0.001 

0.001 

0.001 

0.001 

POROS 

Effective  porosity 

0.20 

0.20 

0.20 

0.20 

BETA 

Characteristic  length  (long,  dispersivitv:  feert 

8 

8 

8 

g 

S 

Storage  Coefficient 

0 

(Steady-State) 

0 

(Steady- 

State) 

0 

(Steady- 

State) 

0 

Steady- 

State) 

TIMX 

Time  increment  multiplier  for  transient  flow 

TINIT 

Size  of  initial  time  step  (seconds) 

_ 

XDEL 

Width  of  finite  difference  cell  in  the  x  direction 
(feet) 

60 

60 

60 

60 

YDEL 

Width  of  finite  difference  cell  in  the  y  direction 
(feet) 

60 

60 

60 

60 

DLTRAT 

Ratio  of  transverse  to  longitudinal  dispersivitv 

0.1 

0.1 

0.1 

0.1 

CELDIS 

Maximum  cell  distance  per  particle  move 

0.5 

0.5 

0.5 

0.5 

ANFCTR 

Ratio  of  Tyy  to  Txx  (1  =  isotropic) 

1 

1 

1 

1 

DK 

Distribution  coefficient 

0.028 

0.028 

0.028 

0.028 

RHOB 

< 

Bulk  density  of  the  solid  (grams/cubic 
centimeter) 

1.65 

1.65 

1.65 

1.65 
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TABLE  5.1 

BIOPLUME II  MODEL  INPUT  PARAMETERS 
POL  BULK  FUEL  STORAGE  AREA 
INTRINSIC  REMEDIATION  CAS 
MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Model  Runs 

Parameter 

Description 

Calibrated 
Model  Setup 

MB1 

MB2 

MB3 

THALF 

Half-life  of  the  solute 

_ 

. 

DEC1 

Anaerobic  decay  coefficient  (day*1) 

0.0021 

0.0021 

0.0021 

0.0021 

DEC2 

Reaeration  coefficient  (day*1) 

F 

Stoichiometric  Ratio  of  Hydrocarbons  to 
Oxygen 

3.14 

3.14 

3.14 

3.14 

^  Ns  —  Number  of  nodes  that  represent  fluid  sources  (wells  or  constant  head  cells) 

ADIP  =  Alternating-direction  implicit  procedure  (subroutine  for  solving  groundwater  flow 
equation) 
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particularly  sensitive  to  variations  in  hydraulic  conductivity.  Lower  values  of  hydraulic 
conductivity  result  in  a  slower-moving  plume  that  is  more  susceptible  to  biodegradation 
because  of  longer  residence  times  in  the  aquifer.  Higher  values  of  hydraulic 
coMuctmty  result  in  a  faster-moving  plume  that  may  degrade  more  slowly  because 
B 1  EX  contamination  may  reach  a  potential  discharge  source  before  being  biodegraded. 

owever,  lgher  values  of  hydraulic  conductivity  will  supply  more  electron  acceptors 
to  the  head  of  a  contaminant  plume,  which  allows  for  potentially  increased 
biodegradation  rates  at  the  source  of  the  plume. 


Saturated  thickness  data  from  previous  reports,  geologic  logs,  and  water  level 
measurements  were  used  in  conjunction  with  the  hydraulic  conductivity  estimates  to 
create  an  initial  transmissivity  grid  for  the  entire  model.  To  better  match  heads  in  the 
model  to  observed  values,  the  transmissivities  were  progressively  varied  in  blocks  and 
rows  until  the  simulated  water  levels  for  cells  corresponding  to  selected  well  locations 
matched  the  observed  water  levels  as  closely  as  possible.  Figure  5.3  shows  the 
calibrated  water  table.  Calibrated  model  hydraulic  conductivities  ranged  from  5  0  x  10' 
foot  per  second  (ft/sec)  to  9.0  x  10'7  ft/sec  (3.0  x  10'1  ft/min  to  5.4  x  10'5  ft/min). 
Hydraulic  conductivities  were  varied  through  this  wide  range  of  values  to  help  achieve 
a  reasonable  representation  of  the  observed  groundwater  table  at  the  site.  Low 
hydraulic  conductivities  were  used  in  the  vicinity  of  MW-07  where  hydraulic 
conductivities  are  known  to  be  low  and  were  required  to  simulate  the  preferential  flow 

i  5  t!!rmng  aLbi:Uptly  t0  the  west  and  south-  Higher  conductivities  were  required 
along  the  flow  path  from  MW-04  to  MP-36,  which  is  believed  to  transmit  the  majority 
of  flow  m  the  aquifer.  A  better  resolution  in  the  calibrated  model  would  have  been 
possible  with  a  model  domain  and  range  greater  than  the  maximum  size  allowed  by 
Bioplume  II  of  20  by  30  cells  (see  Section  5.3. 1).  The  relatively  large  cell  size  used  as 
ompared  to  major  local  variations  at  the  site  required  more  extreme  changes  in 
ydraulic  conductivity ,  and  therefore  transmissivity,  to  reproduce  the  groundwater  table 
than  would  have  been  needed  with  a  greater  number  of  grid  cells. 

Water  level  elevation  data  from  cells  associated  with  21  groundwater  monitoring 
locations  were  used  to  compare  measured  and  simulated  heads  for  calibration  The  21 

MW  of  i°n?0Z?  one  of  the  following  monitoring  wells/points: 

MW-01,  MW-02,  MW-03,  MW-05,  MW-06,  MW-07,  MW-10  MW-11  MW-15S 
MP-8S,  MP-10S,  MP-17S,  MP-21,  MP-22,  MP-24S,  MP-30S,  MP-36S,  GM-33^  GM- 

GM-35,  and  GM-36. 


Hiffcrp  ™  k  ,mean  squa[e  (RMS)  error  1S  commonly  used  to  express  the  average 

smnrS  6611  ;*™ulated  and  measured  heads.  RMS  error  is  the  average  of  the 

squared  differences  between^  measured  and  simulated  heads,  and  can  be  expressed  as- 


RMS  = 


,=i 


compared 


Where: 


n  -  the  number  of  points  where  heads  are  being 


hm  =  measured  head  value  (feet  above  msl) 
hs  =  simulated  head  value  (feet  above  msl) 
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U,QC  ^  err°r  between  observed  and  calibrated  values  at  the  21  comparison  points 
ZLtUh  V?  r  W,hlCh  C0?esP°nds  t0  a  calibration  error  of  15.4  percent  (water  levels 
-fCe  over,the  length  of  the  model  grid).  RMS  error  calculations  are 
r.n  ™  “  Appendix  C.  A  plot  of  measured  versus  calibrated  heads  shows  a 

random  distribution  of  points  around  a  straight  line,  as  shown  in  Appendix  C 
Dev  ation  of  points  from  a  straight  line  should  be  randomly  distributed  in  such  a  plot  of 

thp  lLlT  ?0mputer  sin!ulati°ns  (Anderson  and  Woessner,  1992).  Deviations  from 
the  straight  line  occurred  in  the  vicinity  of  the  ASTs  where  abrupt  changes  in 
groundwater  elevation  and  flow  direction  were  observed. 

sur Lrw8,!6  fr°undwater  equation,  Bioplume  II  establishes  the  water  table 

ace  and  calculates  an  overall  hydraulic  balance  that  accounts  for  the  numerical 
difference  between  flux  into  and  out  of  the  system.  Considering  the  unu^l 
groundwater  hydraulics  at  the  site,  the  hydraulic  mass  balance  for  the  calibrated  model 
was  reasonable,  with  98.2-percent  of  the  water  flux  into  and  out  of  the  system  being 

f°r  St’  "  1-8‘PerCem  eri0r>'  Accordin§  «o  Anderson  and 

Konikow  H  9781  inH  vTaSS  balance  error  of  around  1  percent  is  acceptable,  while 
Konikow  (1978)  indicates  an  error  of  less  than  0.1  percent  is  ideal. 

5.4.2  BTEX  Plume  Calibration 

*ffecti"g  the  distribution  and  concentration  of  the  simulated 
.nno  Plume  were  modified  so  that  model  predictions  matched  dissolved  total  BTEX 

STSr  1  ]Tmvy  1995 •  T°  d0  this’  m0del  runs  were  made  using  the 

contem^ntt  ,hydrauIlc.  Parameters  coupled  with  the  introduction  of 

unknown  the  6  &vuCt  T®  a"d  freqUency  of  the  JP'4  release  at  the  site  is 

currerohihXpH  ,d  HvaS  Callbrat6d  t0  match  January  1995  conditions,  assuming  that 
current  observed  conditions  were  in  steady-state  equilibrium. 

inie^tionwdlflfm  (SeCtion  5-3'3-3)  were  apPlied  t0  the  33  simulated 

Koundwater r?fy  °?  reproduce  the  configuration  and  concentrations  of 

thegroundwater  BTEX  plume  (Figure  5.2).  While  the  term  “injection  well”  suggests 

infioducTat  awe^nnirtl0"111^-?  E  P°uU  Bi°plume  11  assumes  that  eontaminftion 
located^  ! :ly  ^Ulbbrates  throughout  the  entire  cell  in  which  the  well  is 

ThV  J  tl°u  ,rate  for  the  cells  was  set  at  a  value  low  enough  that  the  flow 
calibration  and  water  balance  were  not  affected.  Loading  rates  were  varied  cell  bv  cell 
as  needed  to  reproduce  the  shape  of  the  observed  groundwater  plume  By  wying  the 

Ss  S?3T^f,  ftr1  BTEX  maSS  en'eri"8  «»  system  (as  SaSt 
r!P  °J nS,  5'3'3-1  and  5.3. 3.2)  was  not  increased  or  decreased.  In  this  manner  the 

whfie  sfmXn^STgM0f  m°blie  and  reSidual  LNAPL  contamination  was  mainlined 
The  rnnr  ,  obtaining  the  configuration  of  the  observed  plume  (Figure  4  3) 

MW-W tgdrC,nn°<  ,he  BTE*  pl™e  benea,h  the  former  fueIi"8  ™d  "^ian  ("ear 
28  of  di^ri^i?  •  m  Cahbrat!d  by  applying  90  Percent  of  the  BTEX  source  to  all 
nerrin  d  m  he  of  moblle  LNApL  and  distributing  the  remaining  10 
the  ohL  f  5e  SOrCe  Strength  t0  f0Ur  grid  cells  near  the  head  of  the  plume.  To  obtain 

five griSsTthTrSlhnP  ?MAPTPlUme’  ^  average  BTEX  SOurce  was  used  for  a11 

rive  grid  cells  in  the  mobile  LNAPL  source  near  the  oil/water  separator. 

Plume  calibration  was  performed  over  a  10-year  simulation  period,  with  steadv-state 
conditions  achteved  after  approximately  8  years.  Computed  BTEX  plume 
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concentrations  and  configurations  were  compared  to  January  1995  BTEX  data  after  10 
years  of  simulation  time  incorporating  injection,  transport,  and  degradation  of 
contaminants  in  groundwater.  It  was  assumed  that  during  the  calibration  simulation, 
injected  BTEX  concentrations  would  not  decrease.  This  assumption  is  plausible 
because  continuous  JP-4  releases  were  presumed  to  have  halted  at  the  time  of  Base 
closure  in  1993.  The  calibrated  plume  is  shown  in  Figure  5.4.  The  final  calibrated 
model  plume  (year  10)  was  assumed  to  represent  present-day  (1995)  conditions  and 
compares  favorably  to  the  observed  BTEX  plume  (Figure  5. 1). 

The  objective  of  the  calibration  was  to  achieve  a  modeled  plume  that  equaled  or 
exceeded  the  observed  plume  in  terms  of  extent  and  concentration,  and  that  effectively 
simulated  the  preferential  flow  of  BTEX  contaminants  to  the  creek  south  of  the  POL. 
The  calibrated  model  successfully  meets  these  objectives,  as  it  reproduces  both  the 
observed  areal  extent  and  contaminant  concentrations.  The  calibrated  plume  accurately 
predicts  a  preferential  flow  of  contamination  from  the  source  area  south  toward  the 
creek.  In  the  vicinity  of  (and  discharging  into)  the  creek,  simulated  BTEX 
concentrations  are  at  least  5,000  pg/L.  Similar  concentrations  were  observed  in 
groundwater  samples  collected  from  temporary  monitoring  points  along  the  creek. 
Within  the  source  area  along  the  former  fueling  road  median,  the  calibrated  BTEX 
concentration  of  19,870  pg/L  slightly  exceeds  the  observed  concentration  of  18,270 
pg/L  at  MW-5.  The  10,000-pg/L  contour  approximated  from  observed  site  conditions 
stretches  from  the  large  source  area  toward  the  creek  with  an  approximate  width  of  100 
feet.  In  the  model,  the  simulated  10,000-pg/L  contour  stretches  to  just  upgradient  of 
MP-36  with  an  approximate  width  of  160  feet.  A  less  pronounced  pathway  to  the 
northwest  was  also  reproduced  by  the  model.  Both  the  model  and  field  observations 
suggest  that  contamination  extends  toward  monitoring  point  MP-15S,  to  the  northwest 
of  the  site. 

The  fact  that  the  model  concentrations  in  the  source  area  and  near  the  creek  are 
slightly  higher  than  observed  concentrations  means  that  additional  BTEX  mass  is 
accounted  for  in  the  model  simulations  and  that  model  predictions  are  conservative. 
Variations  in  shape  between  the  model  and  the  observed  plume  likely  are  due  to 
subsurface  heterogeneities  in  the  hydraulic  conductivity,  reaeration  coefficient, 
dispersivity ,  and  retardation  coefficient  that  are  extremely  difficult  to  identify  in  the 
field  and  to  replicate  in  a  discretized  model  domain. 

5*4*2. 1  Discussion  of  Parameters  Varied  During  Plume  Calibration 

As  noted  previously,  the  transport  parameters  varied  during  plume  calibration  were 
dispersivity,  the  coefficient  of  retardation,  and  the  coefficient  of  anaerobic  decay. 
Those  parameters  were  generally  varied  with  intent  of  altering  plume  migration  so  that 
the  observed  plume  extent  was  reproduced.  While  these  parameters  were  varied  with 
this  common  intent,  each  had  a  slightly  different  impact  on  the  size  and  shape  of  the 
simulated  plume. 

5.4.2. 1.1  Dispersivity 

Much  controversy  surrounds  the  concepts  of  dispersion  and  dispersivity. 
Longitudinal  dispersivity  values  for  sediments  similar  to  those  found  at  the  site  range 
from  0.1  to  200  feet  (Walton,  1988).  Longitudinal  dispersivity  was  estimated  as  8  feet, 
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(°,  01)  °f  thC  l6ngth  °f  the  PIume  from  the  s°urce 
Sure  4 X  rZ^  5\  discharge  point  in  the  creek  south  of  the  POL  (see 

ofthe longituHi^Hif SC  dlsfersi)/It>'  Jalues  generally  are  estimated  as  one-tenth  (0. 1) 
the  longitudinal  dispersivity  values  (Domenico  and  Schwartz,  1990). 

plume  cahJjration>  longitudinal  dispersivity  was  maintained  at  8  feet  This 
value  is  low  compared  to  possible  values  in  literature  (Walton,  1988)  The  use  of  low 

b«:ause  low  dispersivi ties 

dkrersMtv  h  Uh0n-  At  ,he  Same  time-  the  rati0  of  transverse 

pir  SobSa“t  s!?raV,ty  ““  main,ained  a‘  01  t0  he,P  reProdu“  the 

5.4.2. 1 .2  Coefficient  of  Retardation 

Retardation  of  the  BTEX  compounds  relative  to  the  advective  velocitv  of  the 
rnpffid-WaJer  ?ccurs  when  BTEX  molecules  are  sorbed  to  The  aquifer  Sbc  Tt 

TOC  cone LtatSiiTe^6  BTE?  comp?unds  were  calculated  based  on  measured 
bulk  dendtl  S  «  ™  and  near  ,he  Curated  zone  at  the  site,  an  assumed 

published  values  of  fa“"S2' 

TaWe  b5y2Wiedemder  «  <*  <»»>•  The  results  of  thele  calculations  areTummariz^d  to 

cauI^hivh^rTn?  are  influenced  by  the  presence  of  soil  contamination,  which  may 
use  high  soil  TOC  concentrations  without  necessarily  reflecting  an  increase  in  ihe 

should £ be°taktialf°f  S011’  Therefore>  T0C  measurements  used  for  retardation  estimates 

£  across  toe  SOilS-  Furthe™ore,  TOC  analysis  sS  be 

across  the  phreatic  surface  rather  than  in  the  vadose  zone  to  best  represent  the 

TOr  »nit°  en  a,  °t  s?tarated  S01|S  in  the  aquifer.  Fourteen  locations  were  chosen  for 

.  ’  ’  mid  SS-6  may  contain  unrepresentative  concentrations  of  top 

because  they  were  collected  along  the  creek  south  of  the  Po“w1toto  I  fa  „T?£ 

remaining  suitable  a!dCP?£td  TOC 

Sh~to°nSnT^u°e“  036  percerU^TOC)  ^abte^Vfh"  “T'1 
AfiKufon  !3Bfo  to  '  V  d6  eStimati0n  the  TZ%kr. 

Z£t  intend^  to  he  “l^^t'O"  coefficient  was  used  for  the  BTEX  compounds; 

a  reflective  of  benzene,  which  is  the  least  sorntive  RTPY 

contend.  During  plume  calibrate,  the  initial  coefficient  SaSon 
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5.4.2. 1.3  Coefficient  of  Anaerobic  Decay 

tn  ?me,rfiCient.°f  anaerobic  decay  is  a  first-order  rate  constant  used  in  Bioplume  II 
am!  ^  f  he  ?  °fiSe  and  rePlenishment  of  anaerobic  electron  acceptors  in  the 
groundwater.  A  coefficient  of  anaerobic  decay  of  0.0021  day'1  was  originally 
estimated,  based  on  the  method  of  Buscheck  and  Alcantar  (1995).  Use  of  this§decay 
nerrpnf160^  at.tb.*s  spe  because  anaerobic  decay  mechanisms  account  for  99.5 

Ph  f.at  !  th^  at  the  site  and  because  the  loss  of  BTEX  compounds  at 

the  site  closely  fitted  a  first-order  decay  rate  (Section  5.3.4.2).  The  coefficient  of 

anaerobic  decay  had  a  significant  effect  on  limiting  plume  migration  and  was  also 
important  in  controlling  the  concentrations  at  the  fringes  of  the  plume.  This  coefficient 
was  not  changed  during  the  calibration  process. 

5.5  SENSITIVITY  ANALYSIS 

•  T.he  purpofe  of  the  sensitivity  analysis  is  to  determine  the  effect  of  varying  model 

Rinn  n^n  etern  ?”•  m°dd  0utput-  Based  on  the  work  of  Rifai  et  al-  (1988)  the 
Bioplume  II  model  is  most  sensitive  to  changes  in  the  coefficient  of  aerobic  decav 

SSuvrS'S'  ,hertCOe“cfem  °f  decay,  and  tte  hydS 

conductivity  of  the  media,  and  is  less  sensitive  to  changes  in  the  retardation  factor 

transrrdssivitv ^  the^r^fr  T°tfUlly  6VaIuate  the  sensitivity  of  *e  calibrated  model,  the 

disSvkv  and trn? ^Cien  H  anaerobic  deca7’  the  coefficient  of  retardation, 
uispersivity,  and  porosity  were  all  varied.  • 

systemadcaHv"1  chaLinTm^  fanalyses’  the  calibrated  model  was  adjusted  by 
T'T  .l  hgg  the  aforementioned  parameters  individually  and  then 
comparing  the  new  model  runs  to  the  original  calibrated  model  ^The  precise 

Therefore^  °f  Parameters  affecting  contaminant  fate  and  transport  are  not  biown 
pararer  was  varied  within  what  was  believed  to  be  a  l“e 
nge  for  the  site  on  the  basis  of  available  information.  The  sensitivity  models  were 

calihrafpd  pen°d  ^tbe  Same  durafi°n  used  to  achieve  steady-state  in  the  original 

calibrated  model)  to  assess  the  independent  effect  of  each  variable.  As  a  result  To 

ensitivity  runs  of  the  calibrated  model  were  made,  with  the  following  variations: 

1)  Transmissivity  uniformly  increased  by  a  factor  of  5; 

Transmissivity  uniformly  decreased  by  a  factor  of  5; 

Coefficient  of  anaerobic  decay  increased  by  a  factor  of  2; 

Coefficient  of  anaerobic  decay  decreased  by  a  factor  of  2; 

Coefficient  of  retardation  increased  by  20  percent; 

Coefficient  of  retardation  decreased  by  20  percent; 

Dispersivity  increased  by  50  percent; 

Dispersivity  decreased  by  50  percent; 

Porosity  increased  by  25  percent;  and 


2) 

3) 

4) 

5) 

6) 

7) 

8) 
9) 


10)  Porosity  decreased  by  25  percent. 
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The  results  of  the  sensitivity  analyses  are  shown  graphically  in  Figures  5.5  through 
5.9.  These  figures  display  three  dimensional  representations  of  modeled  BTEX 
concentrations  over  the  site.  The  vertical  axis  of  each  three-dimensional  figure 
represents  the  BTEX  concentrations  in  micrograms  per  liter  at  the  site.  This  manner  of 
displaying  data  is  useful  because  spatial  changes  in  BTEX  concentrations  can  be  quickly 
visualized. 

The  effects  of  varying  transmissivity  are  shown  by  Figure  5.5.  Uniformly 
increasing  the  transmissivity  by  a  factor  of  five  increased  groundwater  velocity,  and 
therefore  decreased  the  residence  time  of  groundwater  in  the  aquifer.  As  a  result, 
BTEX  concentrations  decreased  in  concentration  throughout  the  plume  because  of 
increased  dilution  of  the  BTEX  compounds.  At  the  same  time,  the  overall  mass  of 
BTEX  biodegraded  in  the  aquifer  was  decreased  because  of  decreased  residence  times 
of  BTEX  contamination.  The  combination  of  these  two  effects  results  in  a  higher  mass 
loading  of  discharged  BTEX  to  the  creek.  On  the  positive  side,  BTEX  concentrations 
at  the  head  of  the  plume  may  biodegrade  faster  because  of  the  influx  of  electron 
acceptors  from  upgradient  sources.  Under  this  scenario  for  transmissivity,  the 
maximum  observed  BTEX  concentration  in  the  source  area  was  10,200  pg/L, 
compared  to  the  calibrated  19,870  pg/L,  and  concentrations  of  BTEX  entering  the 
creek  decreased  from  5,000  pg/L  to  4,000  pg/L.  In  contrast,  decreasing  the 
transmissivity  by  a  factor  of  five  slowed  overall  plume  migration,  which  increased  the 
maximum  BTEX  concentrations  because  of  decreased  dilution  rates.  BTEX  in  the 
source  area  increased  to  approximately  34,600  pg/L,  and  the  BTEX  concentration 
predicted  to  discharge  to  the  creek  decreased  from  5,000  pg/L  to  1,500  pg/L. 
Increased  residence  times  caused  by  decreased  transmissivities  allowed  more  time  for 
the  biodegradation  of  dissolved  BTEX.  This  trend  is  resulted  in  lower  BTEX 
concentrations  discharging  to  the  creek  than  those  predicted  by  the  calibrated  model. 
The  combination  of  lower  BTEX  concentrations  at  the  creek  and  slower  groundwater 
velocities  results  in  a  decrease  in  BTEX  mass  loading  on  the  creek.  The  sensitivity  of 
the  model  to  hydraulic  conductivity  suggests  that  an  appropriate  range  of  transmissivity 
values  were  used  in  the  model  calibration. 

The  effects  of  varying  the  coefficient  of  anaerobic  decay  are  illustrated  by  Figure 
5.6.  Increasing  this  parameter  by  a  factor  of  two  results  in  an  expected  smaller  plume 
with  a  maximum  BTEX  concentration  of  13,500  pg/L,  which  is  nearly  6,300  pg/L 
lower  than  the  calibrated  model.  In  addition,  BTEX  discharging  to  the  creek  decreased 
from  5,000  pg/L  to  2,000  pg/L.  The  outer  fringe  the  BTEX  plume  also  recedes  as  a 
result  of  increased  biodegradation  rates.  Conversely,  decreasing  the  coefficient  of 
anaerobic  decay  by  a  factor  of  two  decreases  biodegradation  and  increases  plume 
concentrations.  The  resultant  increase  raised  computed  maximum  BTEX  concentrations 
in  the  source  area  from  19,870  pg/L  to  30,100  pg/L.  The  increase  in  BTEX 
concentrations  discharging  to  the  creek  also  increased  to  approximately  6,000  pg/L. 
These  results  show  that  the  calibrated  model  is  sensitive  to  variations  in  the  coefficient 
of  anaerobic  decay  and  suggest  that  the  coefficient  of  anaerobic  decay  calculated  by  the 
method  of  Buscheck  and  Alcan  tar  (1995)  is  a  reasonable  value  in  the  calibrated  model. 

The  effects  of  varying  the  coefficient  of  retardation  (R)  are  shown  on  Figure  5.7. 
Increasing  R  by  20  percent  has  a  minor  effect  on  the  contaminant  distribution.  An 
increase  in  sorptive  capacity  caused  a  decrease  of  approximately  1,200  pg/L  in  the 
source  area  leaving  the  maximum  BTEX  concentration  at  18,600  pg/L.  The  mass  of 
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BTEX  discharging  to  the  southern  creek  did  not  noticeably  change.  The  decrease  in 
plume  concentration  resulted  from  a  slowing  of  BTEX  migration,  which  allowed  for 
greater  contact  of  the  sorbed  BTEX  with  electron  acceptors  introduced  in  upgradient 
and  infiltration  waters  flushing  into  the  system.  Decreasing  R  by  20  percent  decreases 
the  potential  for  contact  of  sorbed  BTEX  with  replenished  electron  acceptors,  thus 
allowing  less  biodegradation.  As  a  result,  the  maximum  BTEX  concentration  in  the 
source  area  increased  to  22,800  without  a  noticeable  change  of  discharging  BTEX  to 
the  southern  creek.  Because  the  retardation  factor  used  for  the  model  is  low  relative  to 
other  possible  retardation  factors  (Table  5.1),  the  R  used  for  the  calibrated  simulation  is 
more  conservative  and  produces  acceptable  results. 

The  effects  of  varying  dispersivity  are  illustrated  by  Figure  5.8.  Both  longitudinal 
and  transverse  dispersivity  were  varied  for  this  analysis,  as  the  ratio  of  the  two  values 
was  kept  constant  at  0.1.  Increasing  the  dispersivity  by  50  percent  resulted  in  a  very 
minor  decrease  in  the  maximum  BTEX  concentrations  (by  approximately  150  pg/L) 
without  a  noticeable  change  in  areal  extent.  Decreasing  the  dispersivity  by  50  percent 
produced  a  plume  with  slightly  higher  BTEX  concentrations  (by  approximately  260 
pg/L)  without  a  noticeable  change  in  areal  extent.  This  model  appears  to  be  very 

insensitive  to  dispersivity  within  the  range  of  reasonable  values  evaluated  for  this 
analysis. 

The  effects  of  varyin£  the  effective  porosity  are  illustrated  by  Figure  5.9.  Walton 
(1988)  gives  a  range  of  0.1  to  0.3  for  the  effective  porosity  of  fine  sand.  A 
comparison  of  the  model  using  effective  porosities  that  were  increased  and  decreased 
by  25  percent  (to  0.25  and  0.15,  respectively)  around  the  calibrated  value  of  0.2  shows 
a  maximum  BTEX  concentration  difference  of  3,070  pg/L  at  the  source  and  2,000 

pg/L  at  the  creek.  Therefore,  the  model  is  moderately  sensitive  to  the  range  of  selected 
values  used  for  effective  porosity. 

The  results  of  the  sensitivity  analyses  suggest  that  the  calibrated  model  parameters 
used  for  this  report  are  appropriate.  The  calibrated  model  is  very  sensitive  to 
transmissivity  and  coefficient  of  anaerobic  decay,  moderately  sensitive  to  effective 
porosity,  and  insensitive  to  retardation  coefficient  and  dispersivity.  Increasing  the 
transmissivity  and  the  coefficient  of  anaerobic  decay  greatly  diminishes  the  predicted 
maximum  BTEX  concentrations,  although  only  the  coefficient  of  anaerobic  decay 
results  in  an  actual  destruction  of  (or  decrease  in)  the  mass  of  BTEX.  Lowering  the 
transmissivity  or  the  coefficient  of  anaerobic  decay  has  a  reverse  effect  and 
concentrations  of  BTEX  in  the  aquifer  are  greatly  increased.  Decreases  in  effective 
porosity  resulted  in  increases  in  maximum  simulated  BTEX  concentrations  and  slight 
increases  in  the  area  of  the  plume.  Increases  in  this  parameter  resulted  in  the  opposite 
response.  The  model  appears  relatively  insensitive  to  the  retardation  factor  and 
dispersivity ,  however,  calculation  of  values  for  these  parameters  contributed  toward  an 
appropriate  plume  configuration. 

5.6  MODEL  RESULTS 

To  predict  fate  and  transport  of  dissolved  BTEX  compounds  at  the  POL  site  three 
Bioplume  II  simulations  (MB1,  MB2,  and  MB3)  were  run  under  different  sets  of 
conditions.  The  first  simulation  (MB1)  assumed  natural  physical  weathering  of  current 
(or  calibrated)  soil  contamination  through  dissolution  into  groundwater  at  the 
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fuel/groundwater  interface  or  into  infiltrating  precipitation.  The  second  simulation 
(MB2)  assumed  that  through  the  implementation  of  source  product  recovery  equipment, 
or  bioslurpers,  mobile  LNAPL  is  reduced  yearly  so  that  after  an  estimated  12  years,  all 
mobile  LNAPL  is  removed  from  the  site.  Residual  LNAPL  was  estimated  to  remain 
for  20  years  in  model  MB2  (8  years  longer  than  mobile  LNAPL)  before  being 
completely  weathered,  thereby  reducing  BTEX  loading  rates  to  zero.  The  third 
simulation  (MB3)  assumed  that  loading  rates  were  eliminated  by  the  summer  of  1996  as 
a  result  of  complete  source  removal.  Each  model  assumes  that  current  LNAPL  sources 
at  the  site  will  not  increase  because  the  refueling  infrastructure  at  the  site  has  been 
disassembled;  however,  any  undocumented  spills  prior  to  the  collection  of  data  for  this 
report  may  potentially  increase  the  source  strength  at  the  site.  Input  and  output  files  for 
each  simulation  are  presented  in  Appendix  D.  Model  results  are  described  in  the 
following  sections. 


As  discussed  in  Section  5.4.2,  the  model  was  calibrated  to  the  total  BTEX 
concentrations  observed  at  the  site;  therefore,  predictions  made  using  the  model  are  for 
total  BTEX  concentrations.  In  the  following  subsections,  predictions  for  benzene 
concentrations  are  estimated  at  25  percent  of  the  estimated  BTEX  concentrations 
because  in  January  1995,  the  mass  of  benzene  represented  25  percent  of  the  mass  of 
dissolved  BTEX  at  the  site  (Section  4.4. 1.1).  This  25-percent  ratio  will  likely  provide 
a  £°^ervatlve  estimate  for  benzene  concentrations  in  the  future  because  the  benzene  to 
BTEX  mass  ratio  tends  to  decrease  with  time  for  typical  BTEX  plumes.  The 
decreasing  mass  ratio  results  from  differential  weathering  rates  for  the  BTEX 
compounds  from  the  source.  Specifically,  benzene  weathers  from  the  source  more 
rapidly  than  toluene,  ethylbenzene,  or  xylenes. 

5.6.1  Gradual  Source  Weathering  (Model  MB1) 


M£$SVMB.1  was  used  t0  realistically  evaluate  the  migration  and  biodegradation  of 
the  BIEX  plume  assuming  physical  weathering  of  the  source  areas  Physical 
weathering  included  dissolution  of  BTEX  from  mobile  LNAPL  into  groundwater  at  the 
ue /groundwater  interface  and  from  BTEX  dissolution  into  infiltrating  precipitation 
that  contacts  mobile  or  residual  LNAPL  contamination.  This  model  does  not  account 
for  volatilization  of  BTEX  in  the  vadose  zone,  microbial  weathering  of  residual  product 
remaining  in  site  soils,  or  migration  and  release  of  mobile  LNAPL  to  a  creek. 

herefore,  estimates  of  source  reduction  are  conservative,  which  in  turn  result  in 
conservative  model  predictions  for  plume  migration.  Table  5.3  shows  the  estimated 
reductions  in  BTEX  loading  rates  applied  to  model  MB1. 


t0  simulate  the  anticipated  decrease  in  the  source  size  and  composition, 
model  MB1  utilizes  11  pumping  periods.  The  first  pumping  period  is  a  copy  of  the 
calibrated  model.  Each  of  the  following  pumping  periods  has  a  duration  of  5  years  and 
assumes  a  BTEX  injection  rate  lower  than  the  previous  period  as  a  result  of  weathering. 
Estimates  of  physical  weathering  rates  are  shown  in  Appendix  C.  To  summarize 
P  ^alVyea?ering  currently  accounts  for  an  approximate  1  percent  per  year  reduction 
™  ]°admg  rates  and  1S  estimated  to  decline  to  a  0.7  percent  per  year  reduction  in 
BlEX  loading  rates  after  50  years  of  weathering.  Following  50  years  of  physical 

weathering,  the  2045  source  strength  is  approximately  66  percent  of  the  1995  source 
strength . 


022/622450/M  YRTLE/5  .DOC 


5-31 


TABLE  5.3 

ESTIMATED  REDUCTIONS  IN  BTEX  LOADING  RATES  FROM 
MOBILE  AND  RESIDUAL  LNAPL  FOR  MODEL  MB  1 
(PHYSICAL  WEATHERING  ONLY) 

POL  BULK  FUEL  STORAGE  AREA 
INTRINSIC  REMEDIATION  CAS 
MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Time  Step 
(year) 

Date 

BTEX  Loading 
Rate87  (rag/day) 

Percent 

Reductionb/ 

0 

1995 

212,466 

0.00 

5 

2000 

202,446 

4.72 

10 

2005 

193,188 

9.07 

15 

2010 

184,619 

13.11 

20 

2015 

176,645 

16.86 

25 

2020 

169,208 

20.36 

30 

2025 

162,200 

23.66 

35 

2030 

155,704 

26.72 

40 

2035 

149,587 

29.59 

45 

2040 

143,930 

32.26 

50 

2045 

138,532 

34.80 

Includes  BTEX  dissolution  from  both  mobile  and  residual 
LNAPL  measured  at  the  site. 

Percent  reduction  equals  the  estimated  yearly  reduction 
in  BTEX,  attributable  to  weathering,  relative  to  1995 
concentrations. 
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Figure  5.10  shows  the  modeled  plume  for  2005  (10  years  of  simulated  weathering 
time),  2015  (20  years  of  simulation),  and  2045  (50  years  of  simulation).  After  10 
years,  modeled  BTEX  contours  have  not  noticeably  changed  in  comparison  to  the  1995 
calibrated  model  (Figure  5.10).  Most  isocontours  remain  in  approximately  the  same 
location,  although  the  BTEX  concentration  near  the  source  of  the  plume  (near  MW-5) 
decrases  from  approximately  19,870  pg/L  to  18,000  pg/L  (approximately  4,970  pg/L 
to  4  500  pg/L  benzene).  After  10  years,  the  estimated  rate  of  BTEX  discharge  to  the 
creek  south  of  the  POL  is  approximately  13.6  kg  (3.4  kg  benzene)  per  year 
Approximate^  18.3  percent  per  year  of  the  BTEX  introduced  to  the  aquifer  from 
LNAPL  is  released  to  the  creek  in  2005,  suggesting  that  over  80  percent  of  the  BTEX 
is  being  attenuated  before  reaching  the  creek.  The  modeled  2015  plume  (20  years  of 
weathering)  maintains  the  same  areal  extent  as  the  1995  plume  as  defined  by  the  1-pg/L 
isocontour,  while  the  10,000-pg/L  and  15,000-pg/L  isocontours  near  the  center  of  the 
p  ume  begin  to  recede.  The  maximum  BTEX  concentration  in  the  source  area  is 
approximately  17,000  pg/L  (4,250  pg/L  benzene).  In  the  year  2015,  BTEX  is  released 
to  the  creek  at  nearly  11.7  kg  (approximately  2.9  kg  benzene)  per  year  with 
approximately  18.2  percent  per  year  of  the  BTEX  released  from  LNAPL  reaching  the 
cree  c.  After  50  years  of  natural  weathering,  the  groundwater  plume  closely  maintains 
is  original  size  and  shape.  BTEX  concentrations  in  the  source  area  have  decreased 

Ti9’in  2g/L 13,000  4g/L  (approximately  4,970  pg/L  to  3,250  pg/L  benzene), 
and  the  10,000-pg/L  and  15,000-pg/L  isocontours  have  receded  significantly.  Nearly 
y.O  kg  of  BTEX  (approximately  2.3  kg  benzene)  per  year  continues  to  discharge  to  the 

source  weathering.  This  represents  approximately  17.9-percent 
ot  the  BTEX  contamination  introduced  to  groundwater. 


These  results  suggest  that  the  observed  BTEX  plume  may  potentially  decrease  at 
marginal  rates  over  the  next  50  to  100  years  without  engineered  removal.  The  rate  of 
decrease  in  source  strength  suggests  that  physical  weathering  would  require  more  than 
100  years  to  completely  remove  LNAPL  contamination.  Model  predictions  suggest 
t  at  in  excess  of  80  percent  of  all  the  BTEX  entering  the  aquifer  at  the  POL  is 
attenuated  through  sorption,  dissolution,  and  biodegradation.  Although  natural 
SnAl1011  mechanisms  remove  significant  concentrations  of  BTEX  from  the  aquifer  at 
e  ^lte’  concentrations  of  BTEX  are  predicted  to  continue  to  reach  the  creek 
south  of  the  POL  at  significant  concentrations  for  the  next  100  years  or  more  without 
engineered  source  removal. 


5.6.2  Engineered  Source  Reduction  (Model  MB2) 

DTZ?,  illustrafe  the  impact  of  engineered  source  reduction  activities  upon  dissolved 
BTEX  migration  model  MB2  incorporates  decreasing  BTEX  loading  rates,  assuming 
that  a  45-well  bioslurping  system  will  be  used  to  remediate  the  source  areas 
Bioslurping  is  the  recovery  of  mobile  LNAPL  from  the  subsurface  while 
simultaneously  oxygenating  the  soils  and  promoting  biodegradation  of  residual  LNAPL 
contamination  m  the  vadose  zone.  Bioslurping  was  simulated  in  model  MB2  through 
mobile  LNAPL  reduction.  The  modeled  LNAPL  withdrawal  rates  were  gradually 
decreased  as  LNAPL  became  more  occluded  and  bound  in  the  micropore  structure  of 
the  soil  Hence  bioslurping  rates  began  at  0.5  gallons  of  LNAPL  recovered  per  day 

ne^enoc,215  gall0ns  per  year  across  the  site)  for  the  first  model  year,  followed  by 
.3  5,  0.25,  and  then  0.125  gallons  of  LNAPL  recovered  per  day  per  well  the 
following  years.  After  the  third  year  of  bioslurping  operation,  retrieval  rates  were 
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assumed  to  remain  steady  at  0.125  gallon  of  LNAPL  recovered  per  day  per  well  (or 
2,053  gallons  per  year  across  the  site).  It  was  assumed  that  all  45  wells  remained  in 
operation  throughout  the  duration  of  remediation.  Table  5.4  shows  the  estimated 
reductions  in  BTEX  loading  rates  applied  to  model  MB2. 

LNAPL  removal  rates  selected  for  this  model  are  comparable  to  rates  measured  at  a 
bioslurping  system  installed  at  a  naval  air  station  in  Nevada  with  similar  soil  properties 
(Kittel  et  al.,  1994).  Free  product  was  recovered  at  a  rate  of  15  to  60  gallons  per  day 
during  the  first  14  months  of  operation  of  a  48-well  bioslurping  system  at  the  Nevada 
site.  Apparent  mobile  LNAPL  thicknesses  were  approximately  half  those  observed  at 

the  POL  site  at  Myrtle  Beach  AFB.  Estimates  of  LNAPL  removal  rates  are  provided 
in  Appendix  C. 


In  order  to  estimate  the  reduction  in  BTEX  loading  in  shallow  groundwater  as  a 
result  of  LNAPL  removal,  assumptions  on  the  distribution  of  mobile  and  residual 
LNAPL  were  required.  The  area  of  mobile  LNAPL  was  assumed  to  decrease  linearly 
with  the  volume  of  LNAPL  removed.  Dissolution  rates  were  then  calculated  in  the 
same  manner  as  presented  in  Section  5.3.3.  Residual  BTEX  losses  in  the  vadose  zone 
as  a  result  of  enhanced  biodegradation  from  the  bioslurping  operation  are  more  difficult 
to  estimate.  A  linear  reduction  of  5  percent  per  year  was  assumed  for  the  decrease  of 
residual  BTEX  contamination  in  the  vadose  zone.  Dissolved  BTEX  originating  from 
both  the  reduced  residual  and  mobile  LNAPL  sources  were  summed  to  estimate  total 
loading  rates  in  model  MB2.  The  model  assumes  that  the  bioslurping  system  will  result 
in  complete  removal  of  mobile  LNAPL  after  11  years  of  operation;  the  BTEX  in 
residual  LNAPL  was  conservatively  estimated  to  require  an  additional  9  years  before 
being  completely  weathered  and/or  biodegraded.  The  model  assumes  that  the 
bioslurping  system  begins  operation  in  1996.  As  in  model  MB1,  the  first  pumping 
period  was  a  copy  of  the  calibrated  model;  however,  this  pumping  period  in  MB2  was 
extended  through  system  startup  in  1996.  The  remaining  pumping  periods  in  the  model 

were  1  year  in  duration,  and  the  model  was  run  for  30  years  (until  2026)  to  estimate 
plume  migration. 

Figure  5.11  presents  model  results  for  1997  (1  year  of  operating  the  bioslurping 
system),  2001  (5  years  of  system  operation),  and  2011  (15  years  of  operation).  After 
1  year  of  bioslurping  operation,  the  areal  extent  of  the  plume  remains  unchanged,  while 
f  e  s®rce  area  BTEX  concentrations  are  decreased  from  approximately  19,870  pg/L  to 
17,000  pg/L  (4,970  pg/L  to  4,250  pg/L  benzene).  An  estimated  13.9  kg  of  BTEX 
(approximately  3.5  kg  benzene)  would  continue  to  discharge  to  the  creek  south  of  the 
p°L  after  1  year.  After  5  years  (2001)  of  operation,  all  LNAPL  from  the  small  plume 
near  GP-4  was  removed  through  bioslurping,  and  the  total  source  strength  from  all  soil 
contamination  has  been  reduced  by  nearly  69  percent.  The  maximum  BTEX 
concentration  after  5  years  of  bioslurping  operation  is  9,500  pg/L  (approximately  2,380 
Pg/L  benzene)  at  the  head  of  the  plume.  The  maximum  BTEX  concentration  reaching 
the  creek  south  of  the  POL  has  decreased  from  5,000  pg/L  to  3,000  pg/L 
(approximately  1,250  pg/L  to  750  pg/L  benzene),  and  all  BTEX  concentrations  within 
the  plume  have  decreased  by  several  thousand  micrograms  per  liter;  however,  the  areal 
extent  of  the  plume  after  5  years  remains  similar  to  the  1995  plume.  After  11  years  of 
bioslurping,  all  mobile  LNAPL  has  been  recovered  from  the  site,  and  only  residual 
LNAPL  contamination  remains.  After  15  years  of  bioslurper  operation  (2011),  the 
leaching  potential  of  soil  BTEX  to  groundwater  is  less  than  1  percent  of  1995 
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TABLE  5.4 

ESTIMATED  REDUCTIONS  IN  BTEX  LOADING  RATES  FROM 
MOBILE  AND  RESIDUAL  LNAPL  FOR  MODEL  MB2 
(SOURCE  REDUCTION  THROUGH  BIOSLURPING) 

POL  BULK  FUEL  STORAGE  AREA 
INTRINSIC  REMEDIATION  CAS 
MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Time  Step 

BTEX  Loading 

Percent 

(year) 

Date 

Rate*7  (mg/day) 

Reductionb/ 

0 

1995 

212,466 

0.00 

1 

1996 

154,775 

27.15 

2 

1997 

114,255 

46.22 

3 

1998 

90,714 

57.30 

4 

1999 

79,946 

62.37 

5 

2000 

69,858 

67.12 

6 

2001 

59,219 

72.13 

7 

2002 

49,469 

76.72 

8 

2003 

38,631 

81.82 

9 

2004 

28,357 

86.65 

10 

2005 

17,827 

91.61 

11 

2006 

7,044^ 

96.68 

12 

2007 

3,098 

98.54 

13 

2008 

2,710 

98.72 

14 

2009 

2,323 

98.91 

15 

2010 

1,936 

99.09 

16 

2011 

1,549 

99.27 

17 

2012 

1,162 

99.45 

18 

2013 

774 

99.64 

19 

2014 

387 

99.82 

20 

2015 

0 

100.00 

Includes  BTEX  dissolution  from  both  mobile  and  residual 
LNAPL  measured  at  the  site. 

b/  Percent  reduction  equals  the  estimated  yearly  reduction 
in  BTEX  relative  to  1995  concentrations. 

Mobile  LNAPL  predicted  to  be  removed  after  year  11; 
remaining  BTEX  source  is  residual  LNAPL. 
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conditions.  Although  the  plume  in  2011  (as  defined  by  the  1-pg/L  isocontour)  occupies 
roughly  the  same  area  as  the  1995  plume,  source  area  concentrations  have  been  greatly 
reduced.  The  maximum  predicted  BTEX  concentration  is  400  pg/L  (approximately 
100  pg/L  benzene),  and  the  maximum  predicted  concentration  of  groundwater  reaching 
the  creek  south  of  the  POL  is  approximately  100  pg/L  (25  pg/L  benzene).  In  2011, 
approximately  0.92  kg  of  BTEX  (approximately  0.23  kg  benzene)  would  be  released 
annually  to  the  creek.  The  entire  plume  is  predicted  to  recede  to  a  maximum 
concentration  of  3  pg/L  (<  1  pg/L  benzene)  after  25  years  (2021),  and  to  completely 
disappear  by  2024.  In  2021,  less  than  0.02  kg  of  BTEX  (0.005  kg  benzene)  will  be 
released  annually  to  the  creek. 

5.6.3  Instantaneous  Source  Removal  (Model  MB3) 

Model  MB3  was  run  to  illustrate  the  scenario  of  a  complete  source  removal  through 
excavation  or  other  similar  remedial  alternative.  Instantaneous  source  removal  is  the 
least  conservative  of  the  three  scenarios  modeled  for  this  site.  For  this  simulation, 
BTEX  loading  rates  were  reduced  to  zero  in  the  summer  of  1996.  As  in  model  MB2* 
the  first  pumping  period  is  a  copy  of  the  calibrated  model  extended  through  1996.  The 

remaining  pumping  periods  were  run  at  1-year  intervals  for  an  additional  20  years 
(until  2016). 


Simulated  BTEX  concentrations  for  this  model  rapidly  decrease,  although  the  areal 
extent  does  not  begin  to  noticeably  decrease  until  after  10  years  (2006).  Predicted 
plumes  for  2006  and  2014  are  shown  in  Figure  5.12.  The  maximum  BTEX 
concentration  in  2014  is  1.5  pg/L  (<0.5  pg/L  benzene),  and  the  plume  has  nearly 
disappeared.  BTEX  concentrations  are  not  decreased  to  below  1  pg/L  until  2015.  The 
sorption  and  travel  of  BTEX  contaminants  in  zones  of  low  hydraulic  conductivity  at  the 
site  contribute  to  the  prolonged  remediation  period  for  dissolved  BTEX  contamination. 

5.7  CONCLUSIONS  AND  DISCUSSION 


.  Three  model  scenarios  were  used  to  predict  BTEX  attenuation  and  migration  rates  at 
tne  POL  site.  The  first  scenario,  model  MB1,  assumed  natural,  physical  weathering  of 
the  mobfie  LNAPL  plume  (leaching  and  dissolution  only).  The  second  scenario,  model 
MB2,  assumed  that  as  a  result  of  the  operation  of  a  bioslurping  system,  the  entire 
volume  of  mobile  LNAPL  would  be  recovered  in  1 1  years,  and  residual  LNAPL  would 
be  completely  removed  in  20  years.  Model  MB3  is  considered  the  “best-case”  scenario 
because  it  assumes  that  all  mobile  and  residual  LNAPL  contamination  would  be 
entirely  removed  in  1996.  The  results  of  all  three  Bioplume  II  model  scenarios  suggest 
that  dissolved  BTEX  will  continue  to  discharge  to  the  creek  south  of  the  POL  for  the 
foreseeable  future.  Total  BTEX  discharge  concentrations  of  at  least  1  pg/L  are 
predicted  to  persist  for  18  years  (until  2014)  in  the  “best-case”  scenario.  In  addition 
the  areal  extent  of  the  groundwater  plume  will  not  begin  to  significantly  recede  (as 
defined  by  the  1-pg/L  isocontour)  until  2006  in  the  “best-case”  scenario. 


Because  of  the  large  extent  of  soil  contamination  at  the  POL  site,  BTEX  is  not 
predicted  to  dissipate  until  source  removal  is  implemented.  Even  with  engineered 
SOUornJemOVal’  BTEX  contamination  in  groundwater  is  predicted  to  linger  until  2014 
to  2024  using  complete  source  removal  or  bioslurping,  respectively.  The  lengthy 
remediation  timetables  are  attributed  to  zones  of  low  hydraulic  conductivity  and 
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moderate  biodegradation  rates,  which  impact  even  the  most  optimistic  scenario.  All 
three  models  predict  that  the  leading  edge  of  the  plume  will  not  recede  as  remediation 
of  dissolved  groundwater  proceeds.  Instead,  BTEX  contamination  continues  to 
discharge  to  the  creek  south  of  the  POL  until  remediation  of  groundwater 
contamination  is  completed. 

In  all  model  simulations,  several  conservative  assumptions  are  built  into  the  model. 
The  use  of  these  conservative  model  assumption  suggests  that  natural  attenuation  of 
BTEX  contamination  at  the  site  may  exceed  model  predictions.  These  conservative 
model  assumptions  include: 

1)  Aerobic  respiration  (near  the  creek,  and  probably  in  the  vicinity  of  the  water 
table),  iron  reduction,  sulfate  reduction,  and  methanogenesis  all  are  occurring 
at  this  site;  however,  only  the  anaerobic  processes  are  effectively  simulated  in 
the  models.  Aerobic  biodegradation  may  potentially  become  more  important 
as  mobile  and  residual  LNAPL  concentrations  are  removed,  thereby  allowing 
more  oxygen  to  soils  in  the  vadose  zone  and  groundwater  through  rainwater. 
Aerobic  biodegradation  rates  simulated  in  model  MB2  may  potentially  increase 
near  simulated  bioslurping  wells  because  of  replenished  oxygen  that  is  drawn 
from  background  sources  through  the  suction  created  by  bioslurpers. 

2)  The  stoichiometry  used  to  determine  the  ratio  between  electron  receptors  and 
total  BTEX  assumed  that  no  microbial  cell  mass  was  produced  during  the 
reactions.  As  discussed  in  Section  4.3.2,  this  approach  may  be  too 
conservative  by  a  factor  of  three. 

3)  A  low  coefficient  of  retardation  for  benzene  (1.19)  was  used  for  all  the  BTEX 
compounds  in  the  model  simulations.  Minimum  retardation  coefficient  values 
for  the  other  BTEX  compounds  range  from  1.45  to  2.11.  The  use  of  a 
conservative  retardation  coefficient  tends  to  increase  the  velocity  of 
contaminant  migration,  but  may  provide  a  more  accurate  estimate  of  benzene 
transport.  However,  realistic  retardation  coefficients  for  toluene, 
ethylbenzene,  and  xylenes  are  higher  than  that  for  benzene  which  will  slow  the 
migration  of  these  compounds,  thereby  increasing  their  susceptibility  to 
biodegradation. 

4)  A  low  effective  porosity  value  of  0.20  was  used  for  the  model.  Porosities 
characteristic  of  the  soils  present  at  the  site  typically  range  from  0.25  to  0.50 
(Freeze  and  Cherry,  1979).  Lower  porosity  increases  the  simulated 
groundwater  velocity  and  contaminant  velocity,  and  reduces  the  time  duration 
that  BTEX  compounds  can  be  susceptible  to  biodegradation  in  the  aquifer. 

5)  Calibrated  source  concentrations  in  the  models  were  higher  than  observed 
concentrations.  This  introduction  of  extra  contaminant  mass  likely  results  in 
the  predictions  being  conservative  because  additional  BTEX  mass  must  be 
biodegraded  to  produce  the  observed  results. 

The  three  model  simulations  were  run  in  order  to  account  for  uncertainties 
associated  with  the  assumptions  of  future  site  conditions  and  to  provide  a  framework 
tor  any  decision-making  that  might  be  based  on  the  model  results.  The  pattern  of 
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degradati°n  °f  the  plume5  shown  in  models  MB1,  MB2,  and  MB3  are  feasible,  given 
the  observed  BTEX  concentrations,  the  conservative  assumptions  made  in  constructing 
e  simulations,  and  the  strong  evidence  of  biodegradation.  Models  MB1  and  MB3 
represent  two  endpoints  in  the  probable  scenarios  modeled  at  the  site.  Model  MB1  is  a 
worst-case  scenario  in  that  it  assumes  BTEX  dissolution  into  the  aquifer  will  continue 

.thJ  fSOurce  1S  !?einS  naturally  weathered.  As  a  result,  BTEX  contamination  is 
suspected  to  remain  for  more  than  100  years.  Model  MB3  is  a  “best-case”  scenario  in 
that  it  aissumes  that  all  sources  of  BTEX  contamination  are  removed  in  1996  and 
dissolved  groundwater  contamination  disappears  during  the  following  18  years  It  is 
more  likely  that  future  site  conditions  will  fall  between  those  indicated  by  these  two 

i^H  atT10 especiily  bl0slurpers  (or  other  equivalent  remedial  technologies)  are 
used.  In  this  case,  the  plume  is  predicted  to  persist  until  the  year  2024. 
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SECTION  6 

COMPARATIVE  ANALYSIS  OF  REMEDIAL  ALTERNATIVES 


This  section  presents  the  development  and  comparative  analysis  of  three 
groundwater  remedial  alternatives  for  the  POL  at  the  former  Myrtle  Beach  AFB.  The 
intent  of  this  evaluation  is  to  determine  if  intrinsic  remediation  of  groundwater  is  an 
appropriate  and  cost-effective  remedial  approach  to  consider  when  developing  final 
remedial  strategies  for  the  Bulk  Fuel  Storage  Site,  especially  when  combined  with  other 
innovative  and  conventional  remedial  technologies. 


Section  6.1  presents  the  criteria  used  to  evaluate  groundwater  remedial  alternatives. 
Section  6.2  discusses  the  development  of  remedial  alternatives  considered  as  part  of  this 
demonstration  project.  Section  6.3  provides  a  brief  description  of  each  of  these 
remedial  alternatives.  Section  6.4  provides  a  more  detailed  analysis  of  the  remedial 
alternatives  using  the  defined  remedial  alternative  evaluation  criteria.  The  results  of 
this  evaluation  process  are  summarized  in  Section  6.5. 

6.1  REMEDIAL  ALTERNATIVE  EVALUATION  CRITERIA 

The  evaluation  criteria  used  to  identify  appropriate  remedial  alternatives  for  shallow 
groundwater  contamination  at  the  site  were  adapted  from  those  recommended  by  the 
USEPA  (1988)  for  selecting  remedies  for  Superfund  sites  [Office  of  Solid  Waste  and 
Emergency  Response  (OSWER)  Directive  9355.3-01].  These  criteria  included  (1) 
long-term  effectiveness  and  permanence,  (2)  technical  and  administrative 
implementability,  and  (3)  relative  cost.  The  following  sections  briefly  describe  the 
scope  and  purpose  of  each  evaluation  criterion.  This  report  focuses  on  the  potential  use 
o  intrinsic  remediation,  source  reduction  technologies,  and  plume  containment 
technologies  to  reduce  BTEX  concentrations  in  the  shallow  groundwater  to  levels  that 
meet  regulatory  action  levels  and  to  reduce  the  impact  of  BTEX  discharge  to  the 
surface  water. 

6.1.1  Long-Term  Effectiveness  and  Permanence 

Each  remedial  technology  or  remedial  alternative  (which  can  be  a  combination  of 
remedial  approaches  and  technologies  such  as  intrinsic  remediation  and  institutional 
controls)  was  analyzed  to  determine  how  effectively  it  will  minimize  groundwater 
plume  expansion  so  that  groundwater  and  surface  water  quality  standards  can  be 
achieved  at  a  downgradient  POC.  The  expected  technical  effectiveness  based  on  case 
histones  from  other  sites  with  similar  conditions  also  is  evaluated.  The  ability  to 
minimize  potential  impacts  to  surrounding  facilities  and  operations  is  considered.  Also, 
the  ability  of  each  remedial  alternative  to  protect  both  current  and  potential  future 
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receptors  from  potential  risks  associated  with  potential  exposure  pathways  is 
qualitatively  assessed.  This  evaluation  criterion  also  included  permanence  and  the 
ability  to  reduce  contaminant  mass,  toxicity,  and  volume.  Time  to  implementation  and 
time  until  protection  is  achieved  are  described.  Long-term  reliability  for  providing 
continued  protection,  including  an  assessment  of  potential  for  failure  of  the  technology 
and  the  potential  threats  resulting  from  such  a  failure,  is  also  evaluated. 

6.1.2  Implementability 

The  technical  implementation  of  each  remedial  technology  or  remedial  alternative 
was  evaluated  in  terms  of  technical  feasibility  and  availability.  Potential  shortcomings 
and  difficulties  in  construction,  operations,  and  monitoring  are  presented  and  weighed 
against  perceived  benefits.  Requirements  for  any  post-implementation  site  controls 
such  as  LTM  and  land  use  restrictions  are  described.  Details  on  administrative 
feasibility  in  terms  of  the  likelihood  of  public  acceptance  and  the  ability  to  obtain 
necessary  approvals  are  discussed. 

6.1.3  Cost 

The  total  cost  (adjusted  to  present  worth)  of  each  remedial  alternative  was  estimated 
for  relative  comparison.  An  estimate  of  capital  costs,  and  operating  and  post¬ 
implementation  costs  for  site  monitoring  and  controls  is  included.  An  annual 
adjustment  factor  of  5  percent  was  assumed  in  present  worth  calculations.  The  annual 
adjustment  factor  is  the  difference  between  the  rate  of  inflation  and  the  cost  of  money 
(USEPA,  1988). 

6.2  FACTORS  INFLUENCING  ALTERNATIVES  DEVELOPMENT 

Several  factors  were  considered  during  the  identification  and  screening  of  remedial 
technologies  for  addressing  shallow  groundwater  contamination  at  the  site.  Factors 
considered  included  the  objectives  of  the  AFCEE  natural  attenuation  demonstration 
program;  contaminant,  groundwater,  and  soil  properties;  current  and  future  land  uses; 
and  potential  receptors  and  exposure  pathways.  The  following  section  briefly  describes 
each  of  these  factors  and  how  they  were  used  to  narrow  the  list  of  potentially  applicable 
remedial  technologies  to  the  final  remedial  alternatives  considered  for  the  POL. 

6.2.1  Program  Objectives 

The  intent  of  the  intrinsic  remediation  demonstration  program  sponsored  by  AFCEE 
is  to  develop  a  systematic  process  for  scientifically  investigating  and  documenting 
natural  subsurface  attenuation  processes  that  can  be  factored  into  overall  site 
remediation  plans.  The  objective  of  this  program  and  the  specific  demonstration  at  the 
Myrtle  Beach  AFB  POL  site  is  to  provide  solid  evidence  of  intrinsic  remediation  of 
dissolved  fuel  hydrocarbons  so  that  this  information  can  be  used  to  develop  an  effective 
groundwater  remediation  strategy.  A  secondary  goal  of  this  multi-site  initiative  is  to 
provide  a  series  of  regional  case  studies  that  demonstrate  that  natural  processes  of 
contaminant  degradation  can  often  reduce  contaminant  concentrations  in  groundwater  to 
below  acceptable  cleanup  standards  before  completion  of  potential  receptor  exposure 
pathways. 
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Because  the  objective  of  this  program  is  to  study  natural  processes  in  the  saturated 
zone  rather  than  all  contaminated  media  (e.g.,  soil,  soil  gas,  etc.),  technologies  have 
been  evaluated  based  primarily  on  their  potential  impact  on  shallow  groundwater  and 
phreatic  soils.  Technologies  that  can  reduce  vadose  zone  contamination  and 
partitioning  of  contaminants  into  groundwater  also  have  been  evaluated.  Many  of  the 
source  removal  technologies  evaluated  in  this  section  also  will  reduce  soil  and  soil  gas 
contamination,  but  it  is  important  to  emphasize  that  the  remedial  alternatives  developed 
in  this  document  are  not  intended  to  remediate  all  contaminated  media.  Additional 
program  objectives  set  forth  by  AFCEE  include  cost  effectiveness  and  minimization  of 
waste.  Technologies  that  may  meet  these  criteria  include  institutional  controls,  soil 
vapor  extraction,  bioventing,  bioslurping,  passive  drain  collection,  surface  water 
sparging,  and  intrinsic  remediation.  Soil  excavation,  slurry  walls,  sheet  piling, 
groundwater  pump  and  treat,  carbon  adsorption,  ex  situ  biological  or  chemical 
treatment,  and  onsite/offsite  disposal  are  not  considered  attractive  technologies  for  this 
site. 

6.2.2  Contaminant  Properties 

The  site-related  contaminants  considered  as  part  of  this  demonstration  at  the  POL  are 
the  BTEX  compounds.  The  primary  source  of  this  contamination  is  petroleum  (JP-4  jet 
fuel)  leaked  from  the  fuel  storage  and  distribution  system  at  the  site.  Mobile  and 
residual  contamination  at  the  site  is  concentrated  at  the  groundwater  table  and  in  the 
capillary  fringe  and  saturated  soil  along  the  fueling  road  median.  A  second  source  of 
mobile  and  residual  fuel  contamination  is  present  in  the  area  of  the  site  oil/water 
separator.  The  physiochemical  characteristics  of  JP-4  and  the  individual  BTEX 
compounds  will  greatly  influence  the  effectiveness  and  selection  of  a  remedial 
technology. 

Petroleum  hydrocarbon  mixtures,  such  as  JP-4,  are  composed  of  more  than  300 
compounds  with  different  physiochemical  characteristics.  JP-4  is  classified  as  an 
LNAPL  with  a  liquid  density  of  0.75  g/cc  at  20  °C  (Smith  at  al.,  1981).  Many 
compounds  in  JP-4  sorb  very  well  to  soil  and  are  concentrated  in  the  capillary  fringe 
because  the  mixture  is  less  dense  than  water.  JP-4  is  slightly  soluble  in  water,  with  a 
maximum  solubility  of  approximately  300  mg/L.  JP-4  is  also  a  primary  substrate  for 
biological  metabolism.  Simultaneous  biodegradation  of  aliphatic,  aromatic,  and 
alicyclic  hydrocarbons  has  been  observed.  In  fact,  mineralization  rates  of 
hydrocarbons  in  mixtures  such  as  JP-4  may  be  faster  than  mineralization  of  the 
individual  constituents  as  a  result  of  cometabolic  pathways  (Jamison  et  al  1975* 
Perry,  1984). 

The  BTEX  compounds  are  generally  volatile,  highly  soluble  in  water,  and  adsorb 
less  strongly  to  soil  than  other  hydrocarbons  in  a  petroleum  mixture.  These 
characteristics  allow  the  BTEX  compounds  to  leach  more  rapidly  from  contaminated 
soil  into  groundwater,  and  to  migrate  as  dissolved  contamination  (Lyman  et  al.y  1992). 
All  of  the  BTEX  compounds  are  highly  amenable  to  in  situ  degradation  by  both  biotic 
and  abiotic  mechanisms. 

Benzene  is  very  volatile,  with  a  vapor  pressure  of  76  millimeters  of  mercury  (mm 
Hg)  at  20  C  and  a  Henry's  Law  Constant  of  approximately  0.0054  atmosphere-cubic 
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meters  per  mole  (atm-m3/mol)  at  25°C  (Hine  and  Mookerjee,  1975;  Jury  et  al.,  1984). 
The  solubility  of  pure  benzene  in  water  at  20°C  has  been  reported  to  be  1 ,780  mg/L 
(Verschueren,  1983).  Benzene  is  normally  biodegraded  to  carbon  dioxide,  with 
catechol  as  a  short-lived  intermediate  (Hopper,  1978;  Ribbons  and  Eaton,  1992). 

Toluene  is  also  volatile,  with  a  vapor  pressure  of  22  mm  Hg  at  20°C  and  a  Henry's 
Law  Constant  of  about  0.0067  atm-m3/mol  at  25°C  (Pankow  and  Rosen,  1988;  Hine 
and  Mookeijee,  1975).  Toluene  sorbs  more  readily  to  soil  media  relative  to  benzene, 
but  still  is  very  mobile.  The  solubility  of  pure  toluene  in  water  at  20°C  is 
approximately  515  mg/L  at  20°C  (Verschueren,  1983).  Toluene  has  been  shown  to 
degrade  to  pyruvate,  caetaldehyde,  and  completely  to  carbon  dioxide  via  the 
intermediate  catechol  (Hopper,  1978;  Wilson  et  al,  1986;  Ribbons  and  Eaton,  1992). 

Ethylbenzene  has  a  vapor  pressure  of  7  mm  Hg  at  20°C  and  a  Henry's  Law  Constant 
of  0.0066  atm-m  /mol  (Pankow  and  Rosen,  1988;  Valsaraj,  1988).  Ethylbenzene  sorbs 
more  strongly  to  soils  than  benzene  and  toluene  (Kanaga  and  Goring,  1980;  Means  et 
al.,  1980;  Hassett  et  al.,  1983;  Fetter,  1993).  Pure  ethylbenzene  is  also  less  soluble 
than  benzene  and  toluene  in  water  at  152  mg/L  at  20°C  (Verschueren,  1983;  Miller  et 
al.,  1985).  Ethylbenzene  ultimately  degrades  to  carbon  dioxide  via  its  intermediate  3- 
ethylcatechol  (Hopper,  1978;  Ribbons  and  Eaton,  1992). 

The  three  isomers  of  xylene  have  vapor  pressures  ranging  from  7  to  9  mm  Hg  at 
20°C  and  Henry's  Law  Constants  of  between  0.005  and  0.007  atm-m3/mol  at  25°C 
(Mackay  and  Wolkoff,  1973;  Hine  and  Mookerjee,  1975;  Pankow  and  Rosen,  1988). 
A  compilation  of  literature  values  for  sorption  coefficients  suggests  that  xylenes  sorb  to 
soil  with  approximately  the  same  strength  as  ethylbenzene  (Wiedemeier  et  al. ,  1995). 
Pure  xylenes  have  water  solubilities  of  152  to  160  mg/L  at  20°C  (Bohon  and  Claussen, 
1951;  Mackay  and  Shiu,  1981;  Isnard  and  Lambert,  1988).  Xylenes  can  degrade  to 
carbon  dioxide  via  pyruvate  carbonyl  intermediates  (Hopper,  1978;  Ribbons  and  Eaton, 


On  the  basis  of  these  physiochemical  characteristics,  intrinsic  remediation,  soil 
vapor  extraction,  bioventing,  biosparging,  groundwater  extraction,  and  air  stripping 
technologies  could  all  be  effective  options  for  collecting,  destroying,  and/or  treating 
BTEX  contaminants  at  the  POL.  Some  of  these  options  are  considered  less  desirable, 
however,  after  considering  site-specific  conditions. 

6.2.3  Site-Specific  Conditions 

Three  general  categories  of  site-specific  characteristics  were  considered  when 
identifying  remedial  approaches  for  comparative  evaluation  as  part  of  this 
demonstration.  The  first  category  was  physical  characteristics  such  as  groundwater 
depth,  hydraulic  conductivity,  gradient,  flow  direction,  and  soil  type.  The  second 
category  was  the  site  geochemistry,  or  how  the  site  contaminants  are  interacting  with 
electron  acceptors,  microorganisms,  and  other  site  contaminants.  Both  of  these 
categories  influence  the  types  of  remedial  technologies  most  appropriate  for  the  site. 
The  third  category  involved  assumptions  about  future  land  use  and  potential  receptor 
exposure  pathways.  Each  of  these  site-specific  characteristics  have  influenced  the 
development  of  remedial  alternatives  included  in  the  comparative  evaluation. 
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6.2.3. 1  Physical  Characteristics 

Site  geology  and  hydrogeology  have  a  profound  effect  on  the  transport  of 
contaminants  and  the  effectiveness  and  scope  of  required  remedial  technologies  at  a 
given  site.  Hydraulic  conductivity  is  perhaps  the  most  important  aquifer  parameter 
governing  groundwater  flow  and  contaminant  transport  in  the  subsurface.  The  velocity 
of  the  groundwater  and  dissolved  contamination  is  directly  related  to  the  hydraulic 
conductivity  of  the  saturated  zone.  Estimated  hydraulic  conductivity  values  from  1 1 
site  wells  ranged  from  0.23  to  7.96  ft/day,  characteristic  of  sand  or  dirty  sand  (Freeze 
and  Cherry,  1979).  At  the  POL  site,  the  other  significant  influence  on  contaminant 
transport  is  the  hydraulic  connection  between  the  shallow  groundwater  and  the  ditch  to 
the  south  of  the  site. 

The  combination  of  groundwater  discharge  to  the  ditch  at  a  near  constant  head  and  a 
linear  zone  of  elevated  hydraulic  conductivity  have  resulted  in  a  preferential  flow 
pathway  which  extends  from  the  LNAPL' source  area  near  the  fueling  road  median  to 
the  ditch  (Figures  3.6  and  4.1).  This  preferential  flow  pathway  acts  like  a  broad 
underground  drainage  channel,  collecting  groundwater  from  the  majority  of  the  site  and 
conducting  it  to  an  area  of  groundwater  seeps  along  the  northern  bank  of  the  ditch 
south  of  the  POL.  The  groundwater  discharging  to  the  ditch  contains  dissolved 
contamination  and  occasionally  a  thin,  discontinuous  sheen  of  LNAPL  can  be  observed 
on  the  ditch.  Expansion  of  the  dissolved  contaminant  plume  to  the  south  and  west  has 
been  limited  by  discharge  to  the  ditch. 

The  existence  of  a  preferential  flow  pathway  affect  the  fate  and  transport  of  the 
contaminant  plume  and  the  processes  of  natural  attenuation.  On  the  positive  side,  the 
majority  of  contaminated  groundwater  flows  along  a  single  flow  path,  which  limits  the 
impact  area.  The  preferential  flow  channel  also  collects  groundwater  from  less 
contaminated  areas  upgradient,  thereby  introducing  additional  electron  acceptors  and 
promoting  the  natural  attenuation  mechanisms  of  biodegradation  and  dilution.  On  the 
negative  side,  the  relatively  high  groundwater  velocity  along  the  preferential  flow  path 
decreases  the  aquifer  residence  time  of  contamination  dissolved  in  the  shallow 
groundwater.  As  the  biological  processes  of  natural  attenuation  are  time  dependent, 
biodegradation  is  maximized  when  residence  time  in  the  aquifer  is  not  restricted. 
Furthermore,  channelization  of  the  groundwater  into  a  preferential  flow  path  reduces 
the  impact  of  dispersion  and  adsorption  on  natural  attenuation. 

Site  geology  and  hydrogeology  also  impact  the  types  of  practical  engineered 
remedial  technologies.  For  example,  engineered  solutions  to  plume  containment  are 
simplified  because  the  preferential  flow  pathway  already  provides  partial  plume 
containment.  Furthermore,  less  expense  and  time  should  be  required  to  capture  and 
treat  the  contaminant  plume  using  a  network  of  extraction  wells  in  areas  of  higher 
hydraulic  conductivity  which  characterize  typical  preferential  flow  pathways.  At  the 
present  the  drainage  ditch  south  of  the  POL  acts  as  a  natural  interception  trench  for 
groundwater.  In  addition,  the  effectiveness  of  biosparging  may  increase  as  hydraulic 
conductivity  increases  which  may  result  in  reduced  entry  pressures  and  an  increased 
radius  of  influence.  Contaminant  recovery  may  also  be  maximized  when  contaminants 
are  not  significantly  sorbed  to  and  retarded  by  phreatic  soil. 
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6.2. 3.2  Geochemical  Characteristics 


To  satisfy  the  requirements  of  indigenous  microbial  activity  and  intrinsic 
remediation,  the  aquifer  must  also  provide  an  adequate  and  available  carbon  or  energy 
source  (e.g.,  the  contamination),  electron  acceptors,  essential  nutrients,  and  proper 
ranges  of  pH,  temperature,  and  redox  potential.  Data  collected  as  part  of  the  field 
work  phase  of  this  demonstration  project  and  described  in  Sections  3  and  4  of  this  CAS 
indicate  that  this  site  is  characterized  by  adequate  and  available  carbon/energy  sources 
and  electron  acceptors  to  support  measurable  biodegradation  of  fuel  hydrocarbon 
contamination  by  indigenous  microorganisms.  Ferric  iron,  sulfate,  and  carbon  dioxide 
(which  is  utilized  during  methanogenesis)  represent  sources  of  electron  acceptor 
capacity  for  the  biodegradation  of  BTEX  compounds  at  the  POL.  The  average  pH  in 
shallow  site  groundwater  north  of  the  ditch  is  5.7,  slightly  below  the  optimal  range  for 
biodegradation  of  6  to  8  standard  pH  units  (Wiedemeier  et  al.,  1995).  Fuel 
hydrocarbon-degrading  microorganisms,  however,  have  been  known  to  thrive  under  a 
wide  range  of  temperature  and  pH  conditions  (Chapelle,  1993).  Nevertheless,  as  pH 
values  drop  below  6  standard  units,  bacteria  populations  can  be  expected  to  decrease, 
which  in  turn  would  reduce  the  rate  of  biodegradation.  Fungi  tend  to  be  more  acid 
tolerant  and  may  grow  optimally  at  a  pH  of  5  or  below  (Brock  et  al.,  1994;  Atlas, 
1988).  Groundwater  data  presented  in  Section  4  strongly  support  the  conclusion  that 
anaerobic  biodegradation  of  BTEX  is  occurring  at  the  site  given  the  current 
geochemical  conditions. 

Fuel-hydrocarbon-degrading  microorganisms  are  ubiquitous,  and  as  many  as  28 
hydrocarbon-degrading  isolates  (bacteria  and  fungi)  have  been  discovered  in  different 
soil  environments  (Davies  and  Westlake,  1979;  Jones  and  Eddington,  1968). 
Indigenous  microorganisms  have  a  distinct  advantage  over  microorganisms  injected  into 
the  subsurface  to  enhance  biodegradation  because  indigenous  microorganisms  are  well 
adapted  to  the  physical  and  chemical  conditions  of  the  subsurface  in  which  they  reside 
(Goldstein  et  al.,  1985).  Microbe  addition  was  not  considered  a  viable  remedial 
technology  for  this  site. 

6.2.3.3  Potential  Exposure  Pathways 


A  pathways  analysis  identifies  the  potential  human  and  ecological  receptors  that 
could  come  into  contact  with  site-related  contamination  and  the  pathways  through 
which  these  receptors  might  be  exposed.  To  have  a  complete  exposure  pathway,  there 
must  be  a  source  of  contamination,  a  potential  mechanism(s)  of  release,  a  pathway  of 
transport  to  an  exposure  point,  an  exposure  point,  and  a  receptor.  If  any  of  these 
elements  do  not  exist,  the  exposure  pathway  is  considered  incomplete,  and  receptors 
will  not  come  into  contact  with  site-related  contamination.  Evaluation  of  the  potential 
long-term  effectiveness  of  any  remedial  technology  or  remedial  alternative  as  part  of 
this  demonstration  project  includes  determining  the  potential  for  pathway  completion. 
If  a  completed  exposure  pathway  exists  (e.g.,  surface  water  contact),  potential  long¬ 
term  remedial  options  may  still  be  sufficient  to  maintain  exposure  concentrations  below 
regulatory  action  levels.  Establishing  site-specific,  risk-based  cleanup  levels  is  beyond 
the  scope  of  this  CAS. 
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Assumptions  about  current  and  future  land  uses  at  a  site  form  the  basis  for 
identifying  potential  receptors,  potential  exposure  pathways,  reasonable  exposure 
scenarios,  and  appropriate  remediation  goals.  USEPA  (1991)  advises  that  the  land  use 
associated  with  the  highest  (most  conservative)  potential  level  of  exposure  and  risk  that 
can  reasonably  be  expected  to  occur  should  be  used  to  guide  the  identification  of 
potential  exposure  pathways  and  to  determine  the  level  to  which  the  site  must  be 
remediated. 

The  contaminant  source  areas  at  the  POL  consist  of  vadose  zone  and  phreatic  soils 
containing  residual  and  mobile  LNAPL  along  the  former  fueling  median  and  in  the 
vicinity  of  the  oil/water  separator.  Both  areas  are  located  within  the  fence  surrounding 
the  POL  facility,  which  is  located  in  an  industrial  area  of  the  former  Myrtle  Beach 
AFB.  Shallow  groundwater  is  expected  to  serve  as  the  predominant  release  and 
transport  mechanism.  The  majority  of  shallow  groundwater  at  the  site  discharges  to 
ditches  located  to  the  north,  west,  and  south  of  the  POL.  Discharge  of  fuel- 
contaminated  groundwater  into  the  ditch  south  of  the  POL  has  been  observed.  This 
section  of  ditch  lies  between  Phyliss  Drive  and  the  POL.  It  is  unknown  whether 
surface  water  west  and  north  of  the  POL  is  directly  impacted  by  discharge  of  shallow 
contaminated  groundwater.  Both  Phyliss  Drive  and  the  impacted  drainage  ditch 
segment  south  of  the  site  are  accessible  to  the  public.  Open  grassy  areas  border  both 
sides  of  the  ditch.  Access  to  the  POL  and  the  street  that  services  the  POL  (3rd 
Avenue)  is  restricted. 

Although  not  within  the  scope  of  this  demonstration  or  performed  as  a  part  of 
previous  investigations,  a  risk  assessment  may  be  required  to  evaluate  potential  risks. 
It  is  reasonable  to  assume  that  both  human  and  ecological  receptors  currently  could 
come  into  contact  with  fuel  hydrocarbon  contamination  discharging  from  the  shallow 
groundwater  into  the  surface  water.  Interpretation  of  contaminant  distribution  maps 
and  groundwater  gradient  maps  suggests  that  a  small  percentage  of  the  dissolved  BTEX 
migrates  in  the  shallow  groundwater  beyond  the  ditch;  however,  shallow  groundwater 
users  were  not  identified  within  1  mile  of  the  site.  There  is  no  evidence  that  fuel 
contamination  is  penetrating  the  confining  layer  and  entering  the  deep  Pee  Dee-Black 
Creek  aquifer  system  screened  by  the  Base  water  supply  well  located  adjacent  to  the 
site.  In  summary,  the  use  of  the  intrinsic  remediation  technology  at  this  site  will 
require  that  access  to  the  source  area  remain  restricted  and  that  restrictions  on  shallow 
groundwater  use  be  enforced  in  areas  downgradient  from  the  site  until  natural 
attenuation  reduces  contaminants  to  levels  that  pose  no  risk.  Furthermore,  additional 
use  and  access  restrictions  may  be  required  for  the  ditch  until  a  risk  assessment  can  be 
performed  and  the  results  evaluated.  If  source  reduction  technologies  such  as  soil 
vapor  extraction,  bioventing,  biosparging,  or  bioslurping  are  implemented,  they  will 
have  some  impact  on  the  short-  and  long-term  land  use  options  and  some  level  of 
institutional  control  and  worker  protection  during  remediation  will  be  required. 

6.2.3 A  Remediation  Goals  for  Shallow  Groundwater 

Model  results  suggest  that  without  engineered  source  removal  BTEX  compounds 
will  continue  discharging  from  the  groundwater  to  the  ditch  south  of  the  site  for 
generations.  This  means  that  viable  remedial  alternatives  must  be  able  to  achieve 
surface  water  concentrations  protective  of  human  health  and  the  environment.  The 
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preliminary  remedial  objective  for  surface  water  at  the  point  of  groundwater  discharge 
is  attainment  of  federal  ambient  water  quality  criteria  listed  in  Table  6.1  for  each  of  the 
BTEX  compounds.  Although  it  is  unlikely  that  groundwater  would  be  ingested  by 
humans,  federal  MCLs  for  drinking  water  are  provided  for  reference. 


TABLE  6.1 

WATER  QUALITY  STANDARDS 
POL  BULK  FUEL  STORAGE  AREA 
INTRINSIC  REMEDIATION  CAS 
MYRTLE  BEACH  AIR  FORCE  BASE,  SOUTH  CAROLINA 


Compound 

Federal  Ambient 
Water  Quality, 
Fresh  Water  Acute 
(Hg/L)a/ 

Federal  Ambient 
Water  Quality, 
Ingestion  of 
Organisms 
(Hg/L)a/ 

Federal 
Drinking 
Water  MCL 
(Hg/L )b/ 

Benzene 

5,300 

71 

5 

Toluene 

32,000 

29,000 

1,000 

Ethylbenzene 

17,500 

300,000 

700 

Total  Xylenes 

Not  Available 

Not  Available 

10,000 

a/  USEPA  (1991). 
b/  USEPA  (1993). 


If  a  risk-based  remedial  strategy  is  pursued,  compliance  with  promulgated,  single¬ 
point  groundwater  remediation  goals  is  not  necessary  so  long  as  site-related 
contamination  does  not  pose  a  threat  to  human  health  or  the  environment  (i.e. ,  the 
exposure  pathway  is  incomplete).  Thus,  the  magnitude  of  required  remediation  in 
areas  that  can  and  will  be  placed  under  institutional  control  is  different  from  the 
remediation  that  is  required  in  areas  that  may  be  available  for  unrestricted  use. 
Therefore,  the  primary  remedial  objective  for  shallow  groundwater  within  and 
downgradient  of  the  POL  is  removing  mobile  LNAPL  within  the  source  areas  and 
reducing  the  discharge  and/or  impact  of  BTEX-contaminated  groundwater  to  the  ditch 
south  of  the  site. 

In  summary,  available  data  suggest  that  completed  exposure  pathways  involving 
human  and  ecological  receptors  exposed  to  surface  water  may  exist  under  current 
conditions.  A  risk  assessment  for  the  surface  water  pathway  may  be  required  to 
evaluate  risk  from  this  pathway.  The  data  also  suggest  that  there  is  no  completed 
potential  exposure  pathway  involving  shallow  groundwater,  provided  that  use  of 
shallow  groundwater  as  a  potable  or  industrial  source  of  water  is  prohibited  by 
institutional  controls.  Thus,  institutional  controls  are  likely  to  be  a  necessary 
component  of  any  groundwater  remediation  strategy  for  this  site.  The  required 
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duration  of  these  institutional  controls  may  vary  depending  on  the  effectiveness  of  the 
selected  remedial  technology  at  reducing  contaminant  mass  and  concentrations  in  the 
groundwater. 

6.2.4  Summary  of  Remedial  Option  Screening 

Several  remedial  options  have  been  identified  and  screened  for  use  in  treating  the 
shallow  groundwater  at  the  site.  Table  6.2  identifies  the  initial  remedial  technologies 
and  approaches  considered  as  part  of  this  demonstration  and  those  retained  for  detailed 
comparative  analysis.  Screening  was  conducted  systematically  by  considering  the 
program  objectives  of  the  AFCEE  intrinsic  remediation  demonstration,  physiochemical 
properties  of  the  BTEX  compounds,  and  other  site-specific  characteristics  such  as 
hydrogeology,  geochemistry,  land  use  assumptions,  potential  exposure  pathways,  and 
appropriate  remediation  goals.  All  of  these  factors  will  influence  the  technical 
effectiveness,  implementation,  and  relative  cost  of  technologies  for  remediating  shallow 
groundwater  underlying  and  migrating  from  the  site. 

The  remedial  technologies  retained  for  development  of  remedial  alternatives  and 
comparative  analysis  include  institutional  controls,  intrinsic  remediation,  LTM, 
bioslurping,  and  air  sparging  in  the  ditch.  Although  bioventing  and  soil  vapor 
extraction  are  considered  appropriate  and  implementable  technologies  for  remediation 
of  source  area  soils,  neither  was  retained  for  further  consideration  because  a 
bioslurping  system  doubles  as  a  bioventing  and/or  soil  vapor  extraction  system. 

6.3  BRIEF  DESCRIPTION  OF  REMEDIAL  ALTERNATIVES 

This  section  describes  how  remedial  technologies  retained  from  the  screening 
process  were  combined  into  three  remedial  alternatives  for  the  POL  site.  Sufficient 
information  on  each  remedial  alternative  is  provided  to  facilitate  a  comparative  analysis 
of  effectiveness,  implementability,  and  cost  in  Section  6.4. 

6.3.1  Alternative  1  -  Intrinsic  Remediation  and  Institutional  Controls  with  Long- 
Term  Groundwater  and  Surface  Water  Monitoring 

Intrinsic  remediation  is  achieved  when  natural  attenuation  mechanisms  bring  about  a 
reduction  in  the  total  mass  of  a  contaminant  in  the  soil  or  dissolved  in  groundwater. 
Intrinsic  remediation  results  from  the  integration  of  several  subsurface  attenuation 
mechanisms  that  are  classified  as  either  destructive  or  nondestructive.  Destructive 
attenuation  mechanisms  include  biodegradation,  abiotic  oxidation,  and  hydrolysis. 
Nondestructive  attenuation  mechanisms  include  sorption,  dilution  (caused  by  dispersion 
and  infiltration),  and  volatilization.  In  some  cases,  intrinsic  remediation  will  reduce 
dissolved  contaminant  concentrations  below  numerical  concentration  goals  intended  to 
be  protective  of  human  health  and  the  environment.  As  indicated  by  the  evidence  of 
intrinsic  remediation  described  in  Section  4,  these  processes  are  occurring  at  the  POL 
site  and  will  continue  to  reduce  contaminant  mass  in  the  plume  area. 

Model  MB1  is  intended  to  predict  the  fate  and  transport  of  dissolved  BTEX 
compounds  if  engineered  remedial  action  is  not  implemented  at  the  POL.  To 
accomplish  this,  the  model  assumes  a  gradually  weathered  source  in  a  groundwater 
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system  that  has  otherwise  reached  steady-state  equilibrium.  Results  suggest  that 
approximately  80  percent  of  the  dissolved  BTEX  is  attenuated  prior  to  discharge  to  the 
ditch  south  of  the  site;  however,  this  means  approximately  20  percent  discharges  to  the 
ditch.  At  the  current  estimated  discharge  rate  and  concentration,  this  amounts  to 
approximately  13.6  kg  of  BTEX  per  year.  Although  significant  concentrations  of 
BTEX  are  being  removed  from  the  aquifer,  significant  concentrations  are  predicted  to 
continue  to  discharge  to  the  ditch  in  the  future.  For  example,  in  50  years,  the  model 
predicts  an  annual  discharge  rate  of  approximately  9.0  kg  of  BTEX. 

Implementation  of  Alternative  1  would  require  the  use  of  institutional  controls  such 
as  land  use  restrictions  and  LTM.  Land  use  restrictions  may  include  placing  long-term 
restrictions  on  soil  excavation  within  the  source  area,  surface  water  use  restrictions,  and 
long-term  restrictions  on  groundwater  well  installations  within  and  downgradient  from 
the  plume  area.  The  intent  of  these  restrictions  would  be  to  reduce  potential  receptor 
exposure  to  contaminants  by  legally  restricting  activities  within  areas  affected  by  site- 
related  contamination. 

Long-term  monitoring  would  be  conducted  annually  as  part  of  this  remedial 
technology  to  evaluate  the  progress  of  natural  attenuation  processes.  Because 
contaminated  groundwater  is  discharging  to  the  ditch  between  the  POL  and  Phyliss 
Drive,  POC  wells  would  not  be  used.  Instead,  surface  water  samples  would  be 
collected  at  eight  locations  during  annual  LTM  in  order  to  assess  the  impact  of 
groundwater  discharge  on  the  surface  water  quality  of  the  ditch.  If  contaminant 
concentrations  at  any  of  the  three  downgradient  sampling  locations  should  exceed  the 
federal  water  quality  criteria  listed  in  Table  6.1,  a  risk  assessment  that  focuses 
specifically  on  site-related  risks  associated  with  potential  surface  water  exposure 
pathways  should  be  performed.  Although  the  majority  of  shallow  contaminated 
groundwater  is  believed  to  discharge  into  the  drainage  ditch  south  of  the  POL,  long¬ 
term  groundwater  monitoring  will  be  performed  to  the  south  of  the  ditch  to  confirm 
that  substantial  BTEX  mass  is  not  migrating  beyond  the  ditch. 

As  a  part  of  LTM,  groundwater  monitoring  would  be  performed  at  18  wells.  The 
wells  would  be  chosen  to  monitor  the  main  contaminant  plume  extending  between  the 
site  fueling  road  median  and  the  ditch  south  of  the  site,  the  secondary  plume  extending 
from  the  median  to  the  northwest,  and  the  LNAPL  source  area  in  the  vicinity  of  the 
oil/water  separator.  Wells  would  be  used  to  monitor  groundwater  in  both  of  the  two 
uppermost  saturated  sand  layers.  Additional  details  (including  monitoring  locations) 
for  LTM  of  both  surface  water  and  groundwater  are  provided  in  Section  7.2.  If 
implementation  of  the  remedial  alternative  does  not  result  in  a  decrease  in  dissolved  and 
discharged  contaminant  concentrations,  additional  corrective  action  would  be  necessary, 
and  land  use  restrictions  would  require  reevaluation. 

Public  education  on  the  selected  alternative  would  be  developed  to  inform  Base 
personnel  and  residents  of  the  scientific  principles  underlying  source  reduction  and 
intrinsic  remediation.  This  education  could  be  accomplished  through  public  meetings, 
presentations,  press  releases,  and  posting  of  signs  where  appropriate.  Periodic  site 
reviews  could  also  be  conducted  every  year  using  data  collected  from  the  long-term 
groundwater  and  surface  water  monitoring  program.  The  purpose  of  these  periodic 
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reviews  would  be  to  evaluate  the  extent  of  contamination,  assess  contaminant  migration 
and  attenuation  through  time,  document  the  effectiveness  of  source  removal  and/or 
institutional  controls  at  the  site,  and  reevaluate  the  need  for  additional  remedial  actions 
at  the  site. 

6.3.2  Alternative  2  -  Bioslurping,  Intrinsic  Remediation,  and  Institutional 
Controls  with  Long-Term  Groundwater  and  Surface  Water  Monitoring 

This  alternative  is  identical  to  Alternative  1  except  that  bioslurping  would  be  used  to 
reduce  the  volume  of  mobile  and  residual  LNAPL  within  the  source  area.  This  would 
be  accomplished  through  the  installation  and  operation  of  bioslurping  wells  in  the 
vicinity  of  the  fueling  median  and  the  oil/water  separator.  Bioslurping  is  a  vacuum- 
mediated  free  product  recovery  and  bioremediation  technique  that  is  applicable  for  the 
remediation  and  removal  of  measurable  layers  of  mobile  LNAPL  on  groundwater.  A 
bioslurping  system  consists  of  a  “slurp”  tube  that  extends  through  a  groundwater 
monitoring  well  into  the  LNAPL  layer  (Figure  6. 1).  Product  is  drawn  into  the  tube  as 
air  is  removed  from  the  tube  with  a  vacuum  extraction  pump.  Recovery  of  product  is 
enhanced  because  a  vacuum  draws  product  in  the  formation  toward  the  extraction  well, 
as  opposed  to  relying  on  gravity  flow  required  with  conventional  product  recovery 
systems.  Furthermore,  product  flows  along  a  horizontal  path  toward  the  bioslurping 
extraction  well.  This  reduces  the  “smearing”  associated  with  the  groundwater 
drawdown  created  by  typical  pumping  extraction  systems  (Figure  6.2).  In  addition  to 
the  removal  of  LNAPL,  as  air  is  removed  from  the  subsurface,  oxygenated  air  is  drawn 
into  the  pore  spaces  of  the  contaminated  soils  adjacent  to  the  extraction  well,  promoting 
aerobic  biodegradation  (bioventing).  Also  contaminated  soil  vapors  are  removed  by  the 
vacuum  (soil  vapor  extraction).  Minimal  groundwater  is  extracted  using  bioslurping 
technology,  resulting  in  a  significant  cost  advantage  over  traditional  pumping  systems, 
which  generate  large  quantities  of  waste  water  requiring  treatment  and  disposal. 
Extracted  groundwater  could  be  treated  using  an  oil/water  separator,  and  discharged 
through  an  air  stripper  into  the  storm  water  or  sanitary  sewer  system. 

Each  of  these  features  makes  bioslurping  an  attractive  technology  at  the  POL.  By 
reducing  the  quantity  of  both  mobile  and  residual  LNAPL  within  the  source  area, 
bioslurping  would  reduce  the  predicted  future  discharge  of  BTEX  to  the  drainage  ditch 
and  the  predicted  length  of  time  required  for  intrinsic  remediation  to  complete 
groundwater  remediation. 

A  pilot  test  is  recommended  to  confirm  the  effectiveness  of  the  bioslurping 
technology  as  well  as  assist  with  the  system  design.  For  the  purpose  of  this  remedial 
alternative  comparison,  design  parameters  have  been  selected  on  the  basis  of  a  case 
study  in  similar  mixed  geology  performed  at  Fallon  Naval  Air  Station  (NAS),  Nevada 
(Kittel  et  al.,  1994).  The  Fallon  NAS  case  study  used  a  radius  of  influence  of 
approximately  20  feet,  with  each  bioslurping  well  producing  approximately  0.5  gallon 
per  day  (gpd)  of  free  product,  15  gpd  of  water,  and  0.8  standard  cubic  foot  per  minute 
(scfm)  of  soil  gas.  Figure  6.3  shows  a  proposed  45-point  bioslurping  system  along  the 
fuel  median  and  a  6-point  system  in  the  vicinity  of  the  oil/ water  separator.  Both 
systems  occupy  the  core  or  source  areas  of  the  mobile  LNAPL.  If  peripheral 
bioslurping  wells  encounter  significant  LNAPL  thicknesses,  optional  wells  could  be 
added. 
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FIGURE  6.2 

COMPARISON  BETWEEN 
BIOSLURPING  AND  CONVENTIONAL 
PRODUCT  RECOVERY  SYSTEMS 


POL  Bulk  Fuel  Storage  Area 
Intrinsic  Remediation  CAS 
Myrtle  Beach  AFB,  South  Carolina 


Source:  Kittel eta!.,  1994. 
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F°r  cost  comparison  and  modeling  purposes,  LNAPL  production  for  the  51 
bioslurpmg  wells  has  been  estimated  at  approximately  25.5  gpd  for  the  first  year  of 
operation.  Recovery  rates  are  predicted  to  decrease  to  and  level  off  at  6.4  gpd  by  the 
fourth  year  of  operation.  For  conceptual  system  design,  the  bioslurping  system  is  also 
estimated  to  produce  765  gpd  (approximately  0.5  gpm)  of  water  and  40  scfm  of  soil  gas 
throughout  the  operation  of  the  bioslurping  system.  If  all  of  the  optional  bioslurping 
wells  shown  on  Figure  6.3  are  required,  these  quantities  could  increase  by  two-thirds. 

Many  thousands  of  gallons  of  recoverable  mobile  LNAPL  may  be  present  at  the 
FUL\  L°r  the  PUIP°se  of  modeling  and  cost  estimating,  the  system  was  estimated  to 
for^PProx™ately  11  years  in  order  to  remove  all  of  the  recoverable  mobile 

arnnnHw,t.DUnng,ihK  83016  Ume  period’  over  3A  million  gallons  of  contaminated 
g  d water  would  be  removed  and  treated.  If  the  average  dissolved  BTEX 

concentration  is  approximately  5  mg/L  (the  lower  of  the  dissolved  BTEX 
concentrations  from  groundwater  in  the  two  wells  containing  mobile  LNAPL) 
approximately  58  kg  of  BTEX  would  be  removed  from  the  groundwater.  At  Fallon 
ff.  concentrations  averaged  1,300  milligrams  per  cubic  meter 
JJ™ o’  }£.  ,  )•  If  smwlar  concentrations  were  obtained  at  the  POL,  after  11  years 
more  than  8,500  kg  of  fuel  hydrocarbons  would  be  removed  from  the  soil  through  the 
soi  vapor  extraction  component  of  the  bioslurping  system.  At  the  same  time 
destruebon  of  additional  fuel  hydrocarbons  would  occur  as  a  result  of  the  bioventing 
component  of  the  bioslurping  system.  Once  again,  these  estimates  were  extrapolated 
from  1-year  results  for  a  bioslurping  system  at  Fallon  NAS.  A  pilot  test  should  be 

ordp^tn!?  T  the  M.yrtle  Beach  AFB  P0L  prior  to  installation  of  a  full-scale  system  in 
order  to  determine  design  parameters  and  estimate  site-specific  remediation  rates. 

,  extracted  groundwater  would  require  treatment  prior  to  release  to  sanitary  or 

St^  rJrhnnh  SyStemS'  Air  Stripping  is  the  recommended  method  of  treatment,  as 
tS?  Tm6S  TJ7  ;xpenf ve  with  a  larSe  throughput  of  contaminant  mass. 

drainstuS  int°  rewers  or  s‘°™ 

To  estimate  the  impact  of  a  bioslurping  product  removal  svstem  on  the  fate  unA 
grrouTdwa?efrddSSOhVed  ^  shallow  groundwater  as  well  as  the  future  effects  of 

removaTa^th^ratp^  ?e<?lt?1  S0Uth  of  the  P0L>  model  MB2  incorporated  LNAPL 
rnnrpntrat  th  ^  n  descnbed  above-  Results  suggest  that  maximum  dissolved  BTEX 
concentrations  will  rapidly  decrease  in  the  source  area,  with  downgradient 
concentrations  decreasing  at  a  slightly  slower  rate.  After  approximately  5  years  of 
bioslurping,  the  maximum  dissolved  BTEX  concentration  is  predicted  to  have  fallen  to 

groundwater Y .°neJba^  °f  ^  CUITent  maximum  concentration.  At  the  same  time, 
groundwater  discharge  concentrations  at  the  ditch  are  predicted  to  decrease 

approximately  40  percent.  Fifteen  years  after  the  initiation  of  bioslurping  the  BTEX 
mass  loading  into  the  ditch  south  of  the  POL  is  predicted  to  be  0.92  kg  per  year  This 

nibatinn311  f  °f  the  ftimated  mass  loading  for  1995.  Twenty-five  years  after 

conrpntrafjf  bl°S lurP“1g.  3  Pg/L  is  the  predicted  maximum  dissolved  BTEX 
concentration  in  groundwater,  and  predicted  mass  loading  at  the  drainage  ditch  is  0  2 
percent  of  the  estimated  rate  for  1995.  8  UCn  1S 
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As  with  Alternative  1,  institutional  controls  and  LTM  would  be  required.  LTM 
wells  would  be  installed  in  the  same  locations  indicated  in  the  previous  section. 
Groundwater  and  surface  water  monitoring  also  would  follow  the  same  schedule. 

6.3.3  Alternative  3  -  Surface  Water  Sparging,  Bioslurping,  Intrinsic  Remediation, 
and  Institutional  Controls  with  Long-Term  Groundwater  Monitoring 

Tliis  alternative  is  identical  to  Alternative  2  except  that  air  sparging  would  be  used  in 
the  drainage  ditch  to  remove  volatile  fuel  hydrocarbons  from  the  surface  water  in  the 
area  of  contaminated  groundwater  discharge.  This  would  be  accomplished  through  the 
installation  and  operation  of  an  air  sparging  network  in  the  ditch  south  of  the  POL. 
Such  a  system  would  enhance  volatilization  of  fuel  hydrocarbons  and  would  thereby 
reduce  the  impact  on  the  stream  ecosystem  and  users  until  natural  attenuation  in 
conjunction  with  the  bioslurping  system  reduce  concentrations  of  fuel  hydrocarbons  in 
t  e  groundwater  that  discharges  to  the  ditch  to  levels  below  surface  water  quality 
criteria.  Air  sparging  could  have  the  additional  benefit  of  promoting  aerobic 
biodegradation  of  less  volatile  fuel  hydrocarbons. 

As  with  Alternative  1,  institutional  controls  and  LTM  would  be  required.  LTM 
wells  would  be  installed  in  the  same  locations  indicated  in  the  previous  section. 
Groundwater  and  surface  water  monitoring  would  also  follow  the  same  schedule. 

6.4  EVALUATION  OF  ALTERNATIVES 

This  section  provides  a  comparative  analysis  of  each  of  the  remedial  alternatives 
based  on  the  effectiveness,  implementability,  and  cost  criteria.  A  summary  of  this 
evaluation  is  presented  in  Section  6.5. 


6.4.1  Alternative  1  -  Intrinsic  Remediation  and  Institutional  Controls  with  Long- 
lerm  Groundwater  and  Surface  Water  Monitoring 

6.4.1. 1  Effectiveness 


Section  5  of  this  document  presents  the  results  of  the  Bioplume  II  modeling  of 
intrinsic  remediation  at  the  POL  site.  Model  MB1  assumes  that  site  remediation  relies 
entirely  on  natural  attenuation  mechanisms.  Results  of  the  model  suggest  that  over  80 
percent  of  the  dissolved  BTEX  is  removed  from  the  groundwater  system  through 
intrinsic  remediation.  At  current  estimated  dissolution  rates,  80  percent  removal  is 

SnlwhT  t0  a"  annu.aI  rate  of  ovef  50  kg  Per  year.  Although  intrinsic  remediation 
tributes  significantly  to  remediation  at  the  site,  it  may  not  be  adequate  to  complete 

the  restoration  of  site  groundwater  or  to  prevent  further  degradation  of  surface  water  in 
e  drainage  ditch  to  the  south.  Model  results  suggest  that  after  50  years,  the  LNAPL 
source  will  still  retain  approximately  two-thirds  of  the  current  1995  strength.  A  similar 
ratio  is  reflected  in  source  area  concentrations  and  contaminant  mass  loading  in  the 
federal  groundwater  MCLs  for  the  BTEX  constituents  would  continue  to  be 
exceeded,  and  surface  water  quality  criteria  exceedances  also  could  occur. 

As  discussed  above,  model  results  suggest  that  natural  attenuation  mechanisms  will 
ignmcantly  reduce  contaminant  mass  in  the  groundwater;  however,  without  LNAPL 
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source  reduction,  groundwater  discharge  concentrations  at  the  ditch  are  not  predicted  to 
decrease  appreciably  within  the  near  future.  Furthermore,  there  is  a  reasonable 
possibility  that  the  discharge  of  higher  dissolved  BTEX  concentrations  or  LNAPL  to 
the  surface  water  could  increase  with  time.  Should  degradation  of  the  quality  of 
surface  water  or  downgradient  groundwater  occur,  the  effects  would  be  detected 
through  annual  LTM  at  the  18  groundwater  wells  and  8  surface  water  locations.  While 
risk  may  not  significantly  increase  if  contaminant  discharge  to  the  surface  water 
increased,  such  an  instance  would  indicate  that  site  conditions  should  be  reevaluated. 

The  effectiveness  of  this  remedial  alternative  requires  that  excavations  or  drilling 
within  the  source  area  be  conducted  only  by  properly  protected  site  workers,  and  that 
access  to  and  use  of  the  POL  and  affected  segments  of  the  drainage  ditch  remain 
restricted  for  the  indefinite  future.  Given  the  Base  closure,  indefinite  restricted  access 
may  not  be  reasonable.  Long-term  land  use  restrictions  would  be  required  to  ensure 
that  shallow  groundwater  is  not  pumped  or  removed  for  use  within  the  plume’s 
projected  area  of  impact.  Existing  health  and  safety  plans  should  be  enforced  to  reduce 
risks  from  additional  excavation  or  from  installing  and  monitoring  additional  wells. 

Compliance  with  program  goals  is  one  component  of  the  long-term  effectiveness 
evaluation  criterion.  Alternative  1  would  satisfy  program  objectives  designed  to 
promote  intrinsic  remediation  as  a  component  of  site  remediation  and  to  scientifically 
document  natural  processes.  This  alternative  also  satisfies  program  goals  for  cost 
effectiveness  and  waste  minimization. 

Alternative  1  is  based  on  the  effectiveness  of  natural  processes  that  minimize 
contaminant  migration  and  reduce  contaminant  mass  over  time,  and  the  effectiveness  of 
institutional  controls.  As  described  earlier,  the  discharge  of  contaminated  groundwater 
to  the  ditch  south  of  the  site  is  not  predicted  to  cease  in  the  foreseeable  future;  rather, 
there  is  a  significant  possibility  that  the  quality  of  the  discharging  groundwater  will 
continue  to  degrade.  This  means  that  in  the  future,  the  surface  water  may  be  subject  to 
higher  mass  loading  of  BTEX  and  LNAPL  if  source  reduction  is  not  implemented. 
Without  source  reduction  the  effectiveness  of  intrinsic  remediation  with  LTM  and  long¬ 
term  land  use  restrictions  is  questionable. 

6.4.1.2  Implementability 

Alternative  1  is  not  technically  difficult  to  implement.  Installation  of  LTM  wells 
and  monitoring  of  groundwater  and  surface  water  are  standard  procedures.  Long-term 
management  efforts  would  be  required  to  ensure  proper  sampling  procedures  are 
followed.  Periodic  site  reviews  should  be  conducted  to  confirm  the  adequacy  and 
completeness  of  LTM  data  and  verify  the  effectiveness  of  this  remediation  approach. 
There  may  also  be  administrative  concerns  associated  with  long-term  enforcement  of 
groundwater  and  surface  water  use  restrictions.  Future  land  use  within  the  source  area 
may  be  impacted  by  leaving  contaminated  soil  and  groundwater  in  place.  These  type  of 
restrictions  might  impact  land  transfer  resulting  from  base  closure.  Regulators  and  the 
public  would  have  to  be  informed  of  the  benefits  and  limitations  of  the  intrinsic 
remediation  option.  Educational  programs  are  not  difficult  to  implement.  Where  the 
effectiveness  of  this  option  has  been  supported,  the  initial  regulatory  reaction  to  this 
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unSllT  !|as,been  J?sitivt’  However>  at  this  site>  reaction  to  intrinsic  remediation  is 
unlikely  to  be  favorable  without  the  implementation  of  LNAPL  removal. 

6.4.1. 3  Cost 


The  cost  of  Alternative  1  is  summarized  in  Table  6.3.  Capital  costs  are  limited  to 
the  construction  of  12  new  monitoring  wells.  Included  in  the  $676,500  total  present 
worth  cost  estimate  for  Alternative  1  are  the  costs  of  maintaining  institutional  controls 
and  long-term  groundwater  and  surface  water  monitoring  for  a  total  of  50  years. 


TABLE  6.3 

ALTERNATIVE  1  -  COST  ESTIMATE 
POL  BULK  FUEL  STORAGE  AREA 
INTRINSIC  REMEDIATION  CAS 
MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Capital  Costs 

Design/Construct  12  LTM  Wells 


Monitoring  Costs  (per  Sampling  F.vpnO 

Conduct  Groundwater  Sampling  at  18  wells  and  8  surface 
(per  event) 

(every  year  for  50  years) 


water  locations 


Maintain  Institutional  Controls/Public  Education  (50  years) 
Project  Management  and  Reporting  (50  years) 

Present  Worth  of  Alternative  I  87 


Cost 

$41,000 

Cost  per  Event 

$18,800 

$5,000 

$11,100 

$676,500 


Based  on  an  annual  adjustment  factor  of  5 


percent. 


6.4.2  Alternative  2 -  Bioslurping,  Intrinsic  Remediation,  and  Institutional 
Controls  with  Long-Term  Groundwater  and  Surface  Water  Monitoring 

6.4.2. 1  Effectiveness 

°f  ')Uernative,  2  in  Cueing  LNAPL  concentrations  and  future 

SSes  forlftf°,n  “  eaV‘Iy  °n  the  imP'ementadon  of  bioslurping.  Design 
“  for  !h,e  dioslurping  system  suggest  that  the  mobile  LNAPL  could  be  removed 

PP  .  6  y  y .  ir’c;irs-  At  the  same  time,  large  quantities  of  residual  LNAPL 

comnnnm the  ^  S  through  the  soil  vaP°r  extrac«°n  and  bioventing 
a  3  of  the  T"8  syfem-  In  addition-  biosluniing  system  will  extra! 

prixtaitv  o  I  NApVeStrvr°Un^Wa!fr  Within  the  S01,rce  areas-  BeL-ae  of  its  close 
P  ^ .  0  LNAPL-  ^ls  groundwater  would  be  expected  to  have  very  high 
concentrations  of  dissolved  fuel  hydrocarbons;  therefore,  it  is  the  ideal  groundwater  to 
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tfirget  for  extraction  from  the  system.  The  effectiveness  of  the  intrinsic  remediation 
institutional  control,  and  LTM  components  of  this  alternative  have  been  described 

rpmS-^-lternatlV?^  li  AS  Stated  in  Section  6  4-L1>  the  effectiveness  of  intrinsic 
remediation  would  be  enhanced  by  source  removal  because  with  time,  far  fewer 

Tild«be  avuailable  t0  enter  the  groundwater.  This  means  that  naturally 
d  SS  .  ^  Mrocarbons  are  not  so  rapidly  replaced  by  fresh  contaminants 
of  thl  c.  groundwater  for  the  first  time.  Model  MB2  suggests  that  reduction 

I  the  source  would  expedite  the  reduction  of  plume  concentrations  and  the  mass 
loading  of  BTEX  at  the  ditch  south  of  the  POL. 

Extracted  media  (LNAPL,  groundwater,  and  soil  vapor)  would  likely  all  require 

f  T?\L?APL  W°Uld  require  containment  and  reclamation  or  r^ular 
disposai  High  fuel  hydrocarbon  concentrations  in  extracted  soil  gas  likely  would 

dSctin^rlf  ‘ T a  uyStem  SUCh  as  a  modified  intemal  combustion  enginey  for  the 
frStmemnr^  h/d.rocf bon  vaP°rs*  Extracted  groundwater  also  would  likely  require 
VOrTfrnm  T  dlSC^aTP-  Air  stnPPing  is  an  effective  technology  for  the  removal  of 
f  Wfa?r‘  Actlvated  carbon  treatment  was  not  considered  a  viable  option 
because  activated  carbon  becomes  very  costly  over  extended  periods  of  time  at  high 

sameTvstem  a TtlTlTT,  fr0m  the  *  Stripper  COuld  be  treated  with  the 

thm  ai/nSt  h  d  j01i  vapor-  Air  emissions  would  be  monitored  to  ensure 

that  air  quality  emissions  standard  are  not  exceeded.  A  surface  water  or  sanitary  sewer 
discharge  permit  likely  would  be  required  for  the  treated  groundwater 

Alternative  2  should  provide  reliable,  continuous  protection  with  little  risk  from 
emporary  system  failures.  This  alternative  also  complies  with  AFCEE  program  goals 

^"“dC  “°"  reTnS  the  remediation  S52dfcr*K 

sitf  “  ,?rou?dwater  for  moa  of  the  impacted  groundwater  at  the 

T  M A  PT  cr  ^  l  alternative,  however,  will  result  in  the  generation  of  drill  cuttings 
,  g  oundwater,  soil  gas,  and  other  wastes  requiring  treatment  and/or  disposal. 

6A.2.2  Implementability 

in  ^tfn!,rland  °Perating  a  biosluiping  system  to  reduce  mobile  and  residual  LNAPL 
nh«?e,  areas  !s.slgmflcantly  more  complex  than  Alternative  1;  however  major 
obstacles  are  not  anticipated.  In  order  to  design  an  effective  system,  a  bioslurping  p/lot 

*S  required'  Installation  of  the  bioslurping  system  involves  standard  engineering 

sysZ  «  „min(Cl"di"S  ,he  inSamion  °f  ^rping  wells,  a  vacu™  p”mp 
y  i  ’  ,01' wa  er  separator,  an  air  stripper,  a  soil  vapor  treatment  system  electrical 

is  expected^  tcf  be  Th inte^radon ’  The  m°st  complicated  aspect  of  the  bioslurping  system 

waste  “  LNAPL' 

commi^enronadhorPherati0n  f  l  bi°slurping  system  would  require  an  increased 

SZ2  separmor11  ws»W0Uld  **  the  ‘“d™* "dSS£?  Z 

wSv  svstem^hilff,  ’  Wh'Ch  T'l  reqU're  emPtyin8  and  waste  management, 
rates  extraction  ^  recommended,  and  operating  data  such  as  product  recovery 

fail  vacuums  and  flow  rates  would  be  manually  recorded  It  is  estimated 
that  the  btoslurping  system  would  be  operational  for  11  yeL  to  remediate  the  soure 
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SJl JS5-, maximum  extent  possible.  The  technical  and  administrative 
p  *fbl  bty  concerns  associated  with  the  intrinsic  remediation  and  LTM 

components  of  this  remedial  alternative  are  similar  to  those  discussed  in  Alternative  1 

dv^the  J68!1  and  ,PUbhC  acceptance  of  this  alternative  would  be  more  likely 
given  the  accelerated  site  cleanup  schedule.  y 

6.4.2. 3  Cost 

CapitaI/"d  °Perating  c°sts  of  Altemative  2  are  shown  in  Table  6  4 
"  16  (¥)0 re^°V  ef  T  AA,Ppendix  E‘  The  total  Present  worth  cost  of  Alternative 

bv  the  addiS  of  th^hTn  f  AlternatIve  2  Is  increased  from  the  costs  of  Altemative  1 
conlrrin  n  f  ?  bl0sb,rPIng  system,  including  the  pilot  test  and  system  design, 
2??  3nd  maintenance-  It  is  assumed  that  the  bioslurping  system 

ZlZfof  t  “  ,yearrafter  inSUdlation-  “  is  Probabk  >ba>  °P eraiK 

components  of  the  system  (i.e.  treatment  of  extracted  soil  vapors  or  a  subset  of  the 
bioslurping  wells)  would  not  be  required  for  the  entire  11  years.  LTM  would  continue 

surface^ter  TheScaeniSiat  "emediation  is  Cueing  BTEX  discharge  to  the 

are  assumed  to  he  the  f  ^  exPense  and  annual  costs  for  LTM  and  institutional  controls 

slightly  lower  tha^  for  Aif  for  Alte™ative  l>  however,  the  present  worth  of  LTM  is 

e  1  because  of  the  reduction  from  50years  of 

6'4‘3  alidMution^' "r*?  ?,ate"Sparging’  Biosl^ping,  Intrinsic  Remediation, 
Monitoring1  Contro,s  w,th  Long-Term  Groundwater  and  Surface  Water 

6.4.3. 1  Effectiveness 

surfaS  TOteHrdZ„H^,ternftiV!  3  in  r?ucin«  fuei  W^bon  concentrations  in  the 

on  ft?  rate  at  wftch  f?  u  f  k"  'he  surface  water  air  sPar8inS  •*“<  *ls° 

wlhon*  1  i  h  b  fuel  hydrocarbon  concentrations  decrease  in  the  surface  water 

BTEX  dSZmm /so?®113/!0"'  ,Measured  surface  water  concentrations  for  total 
f  .  .  m  I  >^97  pg/L  at  the  groundwater  discharge  point  to  26  2  ue/L  180 

mlxZZTf™  thC  diSCharge  P°inL  At  280  feet  frrie?  downst^m  ,X \Z 

?  appro,ximately  L05  Mg/L.  This  is  equivalent  to  a 
travels  The  effectivenpe?  of 100  ^  °Ver  ?  Percent  for  every  foot  the  surface  water 
degradation  wiHbf iXt  h  SUPplemeatal  air  sParging  to  stimulate  volatilization  and 
rhtoh  m  ^  i  ted  by  the  rapid  rate  of  natural  BTEX  attenuation  within  the 

of  decree' in ^nS^^  ™  W°Uld  be  expected  l°  increase  the  rate 

effecd^ess  of  tho  SS ,  concentratlons  measured  in  the  surface  water.  The 

coCnenft of ,15  0S|7‘"S.  “ttnac  remediation,  institutional  control,  and  LTM 

lennft  of  fhe  no  a  T  have  been  Scribed  under  Alternatives  1  and  2  The 

leduL  or  sich  ScBo^f  SrbjeCt  “  USe  and  access  Actions  could  be 

sSfea  watLr  n™H,Z ,  be  eliminated,  if  monitoring  demonstrates  that 

ace  water  quality  criteria  are  met  at  the  point  of  groundwater  discharge. 
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TABLE  6.4 

ALTERNATIVE  2  -  COST  ESTIMATE 
POL  BULK  FUEL  STORAGE  AREA 
INTRINSIC  REMEDIATION  CAS 
MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Capital  Costs 

Design/Construct  12  LTM  Wells 


Cost 

$41,000 


Design/Construct  Bioslurping  System,  Including  51 
Bioslurping  Wells, 

Piping,  Vapor  Combustion,  Air  Stripper  Treatment  System, 
and  Permitting 

Operation.  Maintenance,  and  Monitoring  Costs 

Operate  and  Maintain  Bioslurping  System  (11  years,  annual 
cost) 

(Including  effluent  sampling,  analysis,  and  disposal  costs  for 
secondary 

waste  streams.) 


$266,200 


Cost  per  annum  or  event 

$64,600 


Bioslurping  Annual  Report  (annual  cost) 

Conduct  Groundwater  Sampling  at  18  wells  and  8  surface 
water  locations 

(per  event)  (every  year  for  20  years) 

Maintain  Institutional  Controls/Public  Education  (20  years) 
Project  Management  and  Reporting  (20  years) 

Present  Worth  of  Alternative  r 

a/  Based  on  an  annual  adjustment  factor  of  5  percent. 

6.4. 3.2  Implementability 


$6,300 

$18,800 

$5,000 

$11,100 

$1,316,000 


^imnw!  g  °?er2!ng  an  air  sParSing  system  in  the  ditch  would  be  relatively 
simple  to  implement.  The  system  would  consist  of  one  or  several  strings  of  nozzles  a 

,W^r’  a  powe£  supP1/’  housmg  for  the  blower,  and  connecting  piping.  Installation 
?S0n  °/  a  fuKrfacf  wa*r  sparging  system  would  require!  minimal  increase™ 
The  blow™  m  labor_hours  and  other  ^sources  to  maintain  and  monitor  the  system, 
filters  Prinr  U  f  r^ui[e  ‘lu^erty  to  semiannual  servicing  to  replace  such  items  as  air 

evaluate!^  emi «irm  s^ectl0n  and  full-scale  installation,  a  test  should  be  performed  to 
aluate  air  emissions  for  any  required  air  permitting.  Otherwise,  the  technical  and 
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administrative  implementability  concerns  associated  with  the  bioslurping,  intrinsic 
remediation,  LTM,  and  institutional  control  component  of  this  remedial  alternative  are 
similar  to  those  discussed  in  Alternatives  1  and  2. 

6.4.3. 3  Cost 


The  estimated  capital  and  operating  costs  of  Alternative  3  are  shown  in  Table  6.5. 
temized  costsare  provided  in  Appendix  E.  The  total  present  worth  cost  of  Alternative 
3  is  !j>  1 ,448,000.  The  cost  of  Alternative  3  is  increased  from  the  costs  of  Alternative  2 
by  the  addition  of  the  surface  water  sparging  system,  including  system  design, 
construction,  operation,  and  maintenance.  For  cost  analysis,  it  is  assumed  that  the 
surface  water  sparging  system  would  operate  for  15  years  after  installation.  This  is 
based  on  model  MB2  which  predicts  that  groundwater  discharge  concentrations  will 
decrease  to  below  100  pg/L  within  15  years.  LTM  would  continue  for  20  years  to 
ensure  that  intrinsic  remediation  is  reducing  BTEX  discharge  to  the  surface  water.  The 
costs  for  the  bioslurping  system,  LTM,  and  institutional  controls  are  assumed  to  be  the 
same  as  for  Alternatives  1  and  2. 


6.5  RECOMMENDED  REMEDIAL  APPROACH 


Two  remedial  alternatives  have  been  evaluated  for  remediation  of  the  shallow 
groundwater  at  the  POL  Bulk  Fuel  Storage  Site.  A  third  alternative  was  considered  to 
also  address  remediation  of  surface  water  impacted  by  groundwater  discharge. 

omponents  of  the  alternatives  evaluated  include  bioslurping,  surface  water  sparging 
intrinsic  remediation  with  LTM  of  groundwater  and  surface  water,  and  institutional 
controls.  Table  6.6  summarizes  the  results  of  the  evaluation  based  upon  effectiveness 
implementability,  and  cost  criteria.  Despite  the  estimated  cost,  the  Air  Force 
effectiveness  A lternatlve  2  as  achieving  the  best  combination  of  risk  reduction  and  cost 

All  three  alternatives  make  maximum  use  of  intrinsic  remediation  mechanisms  to 
reduce  plume  migration  and  toxicity.  Alternatives  1  and  2  also  rely  on  natural 
attenuation  to  mitigate  surface  water  degradation  attributable  to  discharge  of 
contaminated  groundwater  into  the  ditch  south  of  the  POL.  In  addition,  Alternative  2 
would  remove  mobile  and  residual  LNAPL  from  the  source  areas,  thereby  providing 
uture  protection  against  discharge  of  contaminated  groundwater  to  the  surface  water 
and  decreases  the  time  frame  for  remediation.  Alternative  3  accomplishes  all  of  the 
above  and  provides  additional  protection  to  the  surface  water  through  aeration. 
Alternatives  2  and  3  require  increasingly  higher  capital  expenditures. 

All  three  remedial  alternatives  are  implementable;  however,  only  Alternatives  2  and 

JZSFt**  1°  6ffeC^Ve‘y  reduce  hydrocarbon  migration  and  toxicity  within  a 
reasonabie  time  frame.  Both  Alternatives  2  and  3  should  be  acceptable  to  the  public 

envimnm^017  becfuse  they  are  protective  of  human  health  and  the 

environment  and  reduce  soil  and  groundwater  contamination;  however,  neither 
alternative  completes  the  groundwater  restoration  in  a  short  time  frame 
2®entat;on  of  either  alternative  will  require  land  use  and  groundwater  (and 
p  ssibly  surface  water)  use  controls  to  be  enforced  for  at  least  20  years  and  perhaps 
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TABLE  6.5 

ALTERNATIVE  3  -  COST  ESTIMATE 
POL  BULK  FUEL  STORAGE  AREA 
INTRINSIC  REMEDIATION  CAS 
MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Capital  Costs  Cost 

Design/Construct  12  LTM  Wells  $41,000 

Design/Construct  Bioslurping  System,  Including  51  $266,200 

Bioslurping  Wells, 

Piping,  Vapor  Combustion,  Air  Stripper  Treatment  System, 
and  Permitting 


Design/Install  Surface  Water  Sparging  System  $20,800 

Operation,  Maintenance,  and  Monitoring  Costs  Cost  per  annum  or  event 


Operate  and  Maintain  Bioslurping  System  (11  years,  annual  $64,600 

cost) 

(Including  effluent  sampling,  analysis,  and  disposal  costs  for 

secondary 

waste  streams.) 

Bioslurping  Annual  Report  (annual  cost)  $6,300 

Conduct  Groundwater  Sampling  at  18  wells  and  8  surface 
water  locations 

(per  event)  (every  year  for  20  years)  $18,800 

Maintain  Institutional  Controls/Public  Education  (20  years)  $5,000 

Operate  and  Maintain  Sparging  System  (15  years)  $4,000 

Sparging  System  Annual  Report  (15  years)  $5,400 

Project  Management  and  Reporting  (20  years)  $11,100 

Present  Worth  of  Alternative  3  a/  $1,448,000 

Based  on  an  annual  adjustment  factor  of  5  percent. 


longer  depending  on  the  alternative  selected  and  the  effectiveness  of  the  selected 
remedial  alternative.  Groundwater  monitoring  would  be  required  for  the  same  period. 

The  final  evaluation  criterion  used  to  compare  each  of  the  remedial  alternatives  was 
cost.  The  additional  cost  of  Alternative  2  over  Alternative  1  is  justified  by  the  security 
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of  knowing  that  the  volume  of  the  source  is  being  reduced  and  by  the  reduction  in 
expected  cleanup  time.  The  additional  expense  of  Alternative  3  over  Alternative  2  was 
not  considered  justified  because  it  has  no  impact  on  groundwater  cleanup,  and  the 
naturai  flow  of  the  stream  already  provides  for  a  rapid  restoration  of  surface  water 
quality  through  volatilization,  degradation,  and  dilution.  Therefore,  Alternative  2  is 
recommended.  An  LTM  plan  for  surface  water  and  groundwater,  including  a  SAP  is 


6-28 


022/722450/M  YRTLE/6. DOC 


TABLE  6.6 

SUMMARY  OF  REMEDIAL  ALTERNATIVES  EVALUATION 
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SECTION  7 

LONG-TERM  MONITORING  PLAN 


7.1  OVERVIEW 

At  the  POL  site,  LTM  is  a  required  component  of  each  of  the  remedial  alternatives 
discussed  m  Section  6;  therefore,  a  long-term  groundwater  and  surface  water 
monitoring  plan  must  be  developed.  The  purpose  of  the  LTM  component  of  each 
remedial  alternative  is  to  assess  site  conditions  over  time,  confirm  the  effectiveness  of 
the  remedial  alternative,  assess  compliance  with  regulatory  cleanup  goals,  and  evaluate 
the  need  for  additional  remediation.  The  LTM  plan  consists  of  identifying  groundwater 
and  surface  water  sampling  locations  and  developing  a  sampling  and  analysis  strategy 
to  demonstrate  attainment  with  site-specific  remediation  goals.  The  strategy  described 
in  this  section  is  designed  to  assess  the  effectiveness  of  the  remedial  alternative  through 
measurement  of  the  reduction  of  contaminant  mass,  the  rate  of  groundwater 
remediation,  and  the  impact  of  groundwater  discharge  on  surface  water  bodies.  In  the 
event  that  data  collected  under  this  LTM  program  indicate  that  the  implemented 
remedial  alternative  is  insufficient  to  achieve  regulatory  levels  at  the  drainage  ditch 
considered  to  be  protective  of  human  health  and  the  environment,  additional  engineered 
controls  to  augment  the  beneficial  effects  of  intrinsic  remediation  and  the  implemented 
engineered  remediation  systems  may  be  necessary. 

7.2  LONG-TERM  GROUNDWATER  MONITORING  WELLS 

A  total  of  18  monitoring  wells  will  be  utilized  at  the  site  as  part  of  LTM.  Of  these 
wells,  six  already  exist;  the  remaining  12  require  installation.  Proposed  LTM  well 
locations  are  shown  in  Figure  7.1  Because  dissolved  BTEX  concentrations  have  been 
detected  in  the  two  uppermost  saturated  sand  units,  16  wells  will  be  installed  in  eight 
clusters  of  two  wells  (labeled  A  through  H  on  Figure  7.1).  Proposed  LTM  wells  will 
be  constructed  with  10-foot  screens.  The  shallow  well  in  each  cluster  will  be  screened 
in  shallow  sands  near  the  water  table  with  approximately  8  feet  of  screen  installed 
below  the  water  table;  the  deep  well  in  each  cluster  will  be  screened  in  deeper  saturated 
sands  beneath  a  semiconfining  unit  of  sandy  silt  and  clay. 

RTP^nit,°rmg  wuelluclusterJs  A  thr°ugh  E  are  located  along  the  axis  of  the  dominant 
TEX  plume  which  extends  from  the  fueling  median  to  the  ditch  south  of  the  POL. 
ypicai  LTM  for  intrinsic  remediation  includes  wells  in  upgradient  background 
locations  m  the  anaerobic  treatment  zone,  in  the  aerobic  treatment  zone,  and 
W1lgradient  from  the  aerobic  treatment  zone;  however,  these  have  been  adjusted  for 
the  POL  to  account  for  mobile  LNAPL,  the  ditch,  and  the  lack  of  oxygenated 
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groundwater.  Cluster  locations  have  been  selected  to  evaluate  contamination  within  the 
plume  as  follows: 

•  Cluster  A  -  background,  includes  existing  well  MW-01; 

•  Cluster  B  —  area  of  mobile  LNAPL/source,  includes  existing  well  MW-05; 

•  Cluster  C  —  area  of  residual  LNAPL/anaerobic  treatment; 

•  Cluster  D  —  area  of  groundwater  discharge  along  the  ditch;  and 

•  Cluster  E  -  beyond  the  ditch,  includes  existing  well  MW-08. 

Monitoring  well  clusters  F  and  G  will  be  used  to  monitor  the  secondary  BTEX 
plume,  which  extends  from  the  fueling  median  toward  the  west-northwest.  Cluster  F  is 
located  within  the  dissolved  plume/anaerobic  treatment  zone  and  includes  the  shallow 
well  MW-02.  Cluster  G  is  located  downgradient  from  the  known  extent  of  the  plume, 
along  the  ditch  bordering  the  northwest  side  of  the  POL.  Cluster  A  also  serves  as 
background  for  this  plume. 

The  final  monitoring  well  cluster.  Cluster  H,  will  be  installed  at  the  location  of  a 
second  source  area  of  mobile  LNAPL  identified  in  the  vicinity  of  the  oil/water 
separator.  It  is  believed  that  groundwater  from  this  area  flows  toward  Cluster  C  and 
the  preferential  flow  pathway.  Monitoring  wells  MW-07  and  MW- 10  will  be 
monitored  as  a  part  of  the  LTM  program  to  confirm  that  a  shift  in  the  contaminant 
migration  from  this  source  area  does  not  occur. 

7.3  SURFACE  WATER  SAMPLING  LOCATIONS 

In  order  to  assess  the  impact  of  groundwater  discharge,  surface  water  samples  will 
be  collected  along  both  the  ditch  located  south  of  the  POL  and  the  ditch  along  the 
northwestern  border  of  the  POL.  Trends  in  analytical  results  from  these  samples  will 
be  used  to  evaluate  the  impact  of  groundwater  discharge  on  the  quality  of  the  surface 
water. 

Surface  water  samples  will  be  collected  at  five  locations  along  the  north  bank  of  the 
ditch  south  of  the  POL.  Locations  are  illustrated  on  Figure  7.1.  Sampling  locations 
have  been  selected  to  assess  surface  water  quality  upstream  from  the  POL;  immediately 
upstream  from,  within,  and  immediately  downstream  from  the  area  of  highly 
contaminated  groundwater  discharge;  and  at  the  confluence  with  the  intermittent  stream 
originating  in  the  vicinity  of  the  oil/water  separator. 

Along  the  ditch  bordering  the  northern  boundary  of  the  POL,  surface  water  samples 
will  be  collected  at  the  three  locations  shown  in  Figure  7.1.  The  samples  were  chosen 
to  represent  conditions  upstream  of,  within,  and  downstream  of  the  probable  discharge 
area  of  shallow  groundwater  from  the  POL. 

Other  fuel  spill  sites  that  may  impact  surface  water  are  located  upstream  of  the  POL 
along  both  of  the  ditches. 
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7.4  GROUNDWATER  AND  SURFACE  WATER  SAMPLING 

jZSZrJX!  Sr51Cient  contaminant  removal  is  occurring  to  meet  site-specific 
goals>  the  long'term  groundwater  and  surface  water  monitorinrplan 
n  a  3  comprehensive  SAP.  Groundwater  and  surface  water  samples  will  be 

to  S  totaUaS  a"'1“a"y-  fr0m  L™  We"S  and  Surface  water  SamP'^  'options 
effecrivHv  y  occurring  processes  and  engineered  remediation  systems  are 

imnlifsH  lnf  c<^n^aminant  mass  and  mobility.  Reductions  in  toxicity  will  be 

implied  by  mass  reduction.  y 

7.4.1  Sampling  Frequency 

Each  of  the  LTM  wells  and  surface  water  sampling  locations  will  be  sampled 

effectiveness *0 ,JT  2°i 7™ a  If  the  ^  Collected  du*ng  this  time  Period  supports 
effectiveness  of  the  selected  remedial  alternative  at  this  site,  it  may  be  possible  to 

pertod  MMenatheSaraPrfnf'  If,tj}e.data  collected  at  any  time  during  the  monitoring 
period  indicate  the  need  for  additional  remedial  activities  at  the  site  sampling 

frequency  should  be  adjusted  accordingly.  ’  png 

7.4.2  Analytical  Protocol 

santJled^d^  SfUlface  Water  Sampling  locatlons  in  the  LTM  program  will  be 
3  Sdto  verity  d[eterraine  compliance  with  chemical-specific  remediation 
pnSs“sffltheste of  cigmeered  and  naturally-occurring  remediation 
KSuiSi  at  M  beginning  of  each  annual  sampling  event,  water  levels  will 

hi  ate  monuorrng  weus-  Groundwater  samples  collected  from  the 

samDlel  will  he  1?  S  fof  the  parameters  listed  in  Table  7,1.  Surface  water 
amples  will  be  analyzed  for  the  parameters  listed  in  Table  7.2.  A  site-snerifir 

program atCr  ^  SUrfaCC  Water  SAP  should  be  prepared  prior  to  initiating  the  LTM 
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TABLE  7.1  (Concluded) 

LONG-TERM  MONITORING  ANALYTICAL  PROTOCOL  FOR  GROUNDWATER 

POL  BULK  FUEL  STORAGE  AREA 
INTRINSIC  REMEDIATION  CAS 
MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 
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TABLE  7.2 

LONG-TERM  MONITORING  ANALYTICAL  PROTOCOL  FOR  SURFACE  WATER 

POL  BULK  FUEL  STORAGE  AREA 
INTRINSIC  REMEDIATION  CAS 
MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 
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Protocol  methods  are  presented  by  Wiedemeier  et  al.  (1995). 


SECTION  8 

CONCLUSIONS  AND  RECOMMENDATIONS 


This  report  presents  the  results  of  a  CAS  conducted  to  evaluate  the  use  of  intrinsic 
remediation  for  remediation  of  fuel-hydrocarbon-contaminated  groundwater  in  the  vicinity 
of  the  POL  Bulk  Fuel  Storage  Site  at  Myrtle  Beach  AFB,  South  Carolina.  Specifically,  the 
finite-difference  groundwater  model  Bioplume  II  was  used  in  conjunction  with  site- specific 
geologic,  hydrologic,  and  laboratory  analytical  data  to  simulate  the  migration  and 
biodegradation  of  fuel  hydrocarbon  compounds  dissolved  in  groundwater.  To  collect  the 
data  necessary  for  the  intrinsic  remediation  demonstration,  Parsons  ES  researchers 
collected  soil  and  groundwater  samples  from  the  site.  Physical  and  chemical  data  collected 
under  this  program  were  supplemented  (where  necessary)  with  data  collected  during 
previous  site  characterization  events. 

Comparison  of  BTEX,  electron  acceptor,  and  biodegradation  byproduct  isopleth  maps 
for  the  POL  provides  strong  qualitative  evidence  of  biodegradation  of  BTEX  compounds. 
Geochemical  data  strongly  suggest  that  biodegradation  of  fuel  hydrocarbons  is  occurring  at 
the  site  via  the  anaerobic  processes  of  iron  reduction,  sulfate  reduction,  and 
methanogenesis.  Patterns  observed  in  the  distribution  of  hydrocarbons,  electron  acceptors, 
and  biodegradation  byproducts  further  indicate  that  biodegradation  is  reducing  dissolved 
BTEX  concentrations  in  site  groundwater. 

Site-specific  geologic,  hydrologic,  and  laboratory  analytical  data  then  were  used  in  the 
Bioplume  II  numerical  groundwater  model  to  simulate  the  effects  of  advection,  dispersion, 
sorption,  contaminant  loading,  and  biodegradation  on  the  fate  and  transport  of  the 
dissolved  BTEX  plume.  Extensive  site-specific  data  were  used  for  model  calibration  and 
implementation.  Model  parameters  that  could  not  be  obtained  from  existing  site  data  were 
estimated  using  widely  accepted  literature  values  for  soils  similar  to  those  found  at  the  site. 
Conservative  aquifer  parameters  were  used  to  construct  the  Bioplume  II  model  for  this 
study,  and  therefore,  the  model  results  presented  herein  represent  worst-case  scenarios 
given  the  other  modeling  assumptions  regarding  source  removal. 

For  one  simulation  (model  MB1),  it  was  assumed  that  natural  weathering  of  the  source 
areas  would  persist  for  the  duration  of  the  simulation.  This  scenario  suggests  that 
approximately  80  percent  of  the  BTEX  mass  dissolving  into  the  groundwater  is  removed  by 
intrinsic  bioremediation;  however,  the  model  also  suggests  that  contaminated  groundwater 
will  continue  to  discharge  to  the  ditch  for  decades,  or  longer.  Model  MB2  simulates  the 
effects  of  LNAPL  source  removal  that  could  be  expected  if  a  bioslurping  system  were 
installed.  Under  this  scenario,  maximum  BTEX  concentrations  would  decrease 
approximately  98  percent  in  15  years,  while  discharge  of  BTEX  to  the  ditch  is  estimated  to 
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decrease  approximately  93  percent.  Model  MB3  assumed  complete  removal  of  all  LNAPL 
at  the  site  in  1996.  Given  this  source  reduction  scenario,  it  requires  approximately  10 
years  to  achieve  contaminant  reductions  comparable  to  model  MB2  at  15  years. 

The  results  of  this  study  suggest  that  intrinsic  remediation  of  BTEX  compounds  is 
occurring  at  the  POL  site;  however,  it  is  believed  that  without  engineered  source  reduction, 
intrinsic  remediation  may  be  insufficient  to  ensure  protection  of  human  health  and  the 
environment.  This  is  due  to  the  plume  of  mobile  and  residual  LNAPL  present  in  the 
subsurface,  and  to  the  proximity  of  the  ditch  along  Phyliss  Drive,  which  is  acting  as  an 
exposure  point  for  groundwater  contaminants  discharging  into  surface  water.  Therefore, 
the  Air  Force  recommends  that  an  engineered  source  removal,  such  as  bioslurping,  be 
implemented  in  conjunction  with  intrinsic  remediation,  LTM,  and  institutional  controls. 
Results  of  model  MB2  suggest  that  such  a  system  would  rapidly  reduce  maximum 
contaminant  concentrations  in  the  source  area  followed  shortly  thereafter  by  significant 
reductions  in  BTEX  mass  loading  on  the  ditch  south  of  the  POL.  Institutional  controls 
such  as  restrictions  on  shallow  groundwater  use,  access  to  the  POL,  and  access  to  the 
impacted  segment  of  the  ditch  in  the  vicinity  of  discharge  of  contaminated  groundwater 
would  prevent  completion  of  pathways  while  site  remediation  was  in  progress. 

To  verify  the  results  of  the  Bioplume  II  modeling  effort,  and  to  ensure  that  the  selected 
remediation  is  progressing  at  rates  sufficient  to  meet  objectives,  groundwater  from  18  LTM 
wells  should  be  sampled  and  analyzed  for  the  parameters  listed  in  Table  7.1.  In  addition, 
eight  surface  water  locations  should  be  sampled  concurrently  and  analyzed  for  the 
parameters  listed  in  Table  7.2.  Figure  7.1  shows  suggested  locations  for  the  LTM  wells 
and  surface  water  sampling  locations.  These  locations  should  be  sampled  annually  for  20 
years.  At  this  time,  sampling  will  cease,  decrease  in  frequency,  or  will  continue  annually 
as  dictated  by  the  analytical  results.  If  data  collected  under  this  LTM  program  indicate  that 
the  implemented  remedial  alternative  is  insufficient  to  reduce  BTEX  concentrations  to 
regulatory  levels  considered  protective  of  human  health  and  the  environment  at  the 
drainage  ditch  south  of  the  POL,  additional  engineered  controls  to  augment  the  beneficial 

e  ects  of  intrinsic  remediation  and  the  implemented  engineered  remediation  systems  would 
be  necessary. 
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Sample  Sample  Penet 
No.  Depth  (ft)  Type  Res 
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BTEX(ppm) 

(ppm) 
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Intrinsic  Remediation  EE/CA 
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Elev  Depth  Pro- 
(ft)  (ft)  file 


Geologic  Description 


Silty  sand.dk  brown, organic  matter 
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1.5’  saa, mottled  olive, black, rust  Sc  grayish  bro’ m 

2.5’  sandy  siit.biack.trace  organics, sulfur  odor 
Lots  of  wood 

4*  sond, silty, It  gray.dk  gray  to  olive  brown 
4.5’  impenetrable  wood  layer 


TOTAL 

TPH 

BTEX(ppm) 

(ppm) 

NOTES 

bgs  —  Below  Ground  Surface 
GS  -  Ground  Surface 
TOC  -  Top  of  Casing 
NS  -  Not  Sampled 
SAA  -  Same  As  Above 
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▼  Water  level  drilled 


GEOLOGIC  BORING  LOG 

Intrinsic  Remediation  EE/CA 
Myrtle  Beach  Air  Force  Base 
South  Carolina 


SCIENCE,  INC. 


ENGINEERING  SCIE 


Denver,  Colorado 


L:  \45022\drawings\cpt10,  02/08/95 


BORING  NO.:  _MWj 
CLIENT:  .AFC 

JOB  NO.:  _Z2i 
OCATION:  Myrt 
GEOLOGIST:  liflv 
COMENTS:  Ha I 


GEOLOGIC  BORING  LOG 

MWQ1  —6’ _ CONTRACTOR:  Parsons  E.S. _  DATE  SPUD: 

AFCEE _ RIG  TYPE:  _  DATE  CMPL. 

722450.22 _ DRLG  mpthoh-  Hand  Auger _  ELEVATION: 

Myrtle  Beach  AFB  rdring  DIA.:  _  TEMP: 

Dave  Moutoux  DRI  G  FLUID:  _  WEATHER: 

Hand  Auaer _ _ 


Sheet  1  of 

01  /1 5/95 
01/15/95 

60  F  ~ 
Cloudy 


TOTAL  TPM 
BTEXfppm)  (ppn) 


GEOLOGIC  BORING  LOG 

Intrinsic  Remediation  EE/CA 
Myrtle  Beach  Air  Force  Base 
South  Carolina 


PARSONS 

ENGINEERING  SCIENCE,  INC. 


Denver,  Colorado 


L:  \45022\drawings\MW01_6ft,  02/08/95 


BORING  NO.-  CPT30—  1 .5’ 

CLIENT:  AFC  EE _ 

JOB  NO.:  722450.22 

LOCATION:  MYRTLE  BEAC 
EOLOGIST:  Dove  Moutc 
COMENTS:  Hond  Auqe 


GEOLOGIC  BORING  LOG 

CPT30-1.5’  CONTRACTOR:  Parsons  E.S. _  DATE  SPUD: 

AFC  EE _ RIG  TYPE:  _  DATE  CMPL.: 

722450.22 _ DRLG  METHOD-  Hond  Auger _  ELEVATION: 

MYRTLE  BEACH  AFBRORING  DIA.:  _  TEMP: 

Dove  Moutoux  DRL  G  FLUID:  _  WEATHER: 

Hond  Auoer  _ _ 


Sheet  1  of  1 
01  /15/95 


'15/95 


60  F 
Clouds 


Geologic  Description 


Silty  sand,  dk  brown,  organic  matter 


Sample  |Somple  Penet  TOTAL  TPH 

No.  Depth  (ft)  Type  Res  PID(ppm)  TLV(ppm)  BTEX(ppm)  (ppm) 


NOTES 

bgs  -  Below  Ground  Surface 
GS  -  Ground  Surface 
TOC  -  Top  of  Cosing 
NS  -  Not  Sampled 
AA  -  Same  As  Above 


SAMPLE  TYPE 

D  -  DRIVE 
C  -  CORE 
G  -  GRAB 

▼  Water  level  drilled 
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722450.22 _ DRLG  MFTHOD-  Hand  Auger  ELEVATION: 

MYRTLE  BEACH  AFBRDRINO  DIA.:  _  TEMP: 

-DgYe_Mo.uto.ux DRLG  FLUID:  _  WEATHER: 

Hand  Auqer 


Sheet  1  of  1 
01  / 1  6/95 
01  / 1  6/95 

60  F 

Cloudy _ 


us 

Sample 

Sample 

Penet 

cs 

Geologic  Description 

No.  Depth  (ft) 

Type 

Res 

1.5’  Thin  cloy.little  sand, vf.lt  gray.moldable.thicl 
sandy  clay, mottled  gray,rust&yellow  brown 

3.5‘  sand  .little  silt  &c  clay.fine.brown.moist 

Sandy  clay.olive  gray,thick,moldable 


7.5’  saa.less  sand, saturated 


10'  sand, fine.lt  gray 


1  10.5- 

11.5  ft 


NOTES 

bgs  -  Below  Ground  Surface 
GS  —  Ground  Surface 
TOC  -  Top  of  Casing 
NS  —  Not  Sampled 
AA  —  Same  As  Above 


L:  \45022\drawings\cpt19,  02/08/95 


SAMPLE  TYPF 

D  -  DRIVE 
C  -  CORE 
G  -  GRAB 

Water  level  drilled 


GEOLOGIC  BORING  LOG 

Intrinsic  Remediation  EE/CA 
Myrtle  Beach  Air  Force  Base 
South  Carolina 


ENGINEERING  SCIENCE,  INC. 


Denver,  Colorado 


GEOLOGIC  BORING  LOG 

BORING  NO.:  CPT6-8* _ CONTRACTOR:  Porsons  E.S. _  DATE  SPUD: 

CLIENT:  AFCEE _ RIG  TYPE:  _  DATE  CMPL.: 

JOB  NO.:  722450.22 _ DRLG  METHOD:  Hand  Auger _  ELEVATION: 

LOCATION:  MYRTLE  BEACH  AFBRORING  DIA.:  _  TEMP: 

EOLOGIST:  Dave  Moutoux  PRIG  FLUID:  _  WEATHER: 

COM  ENTS:  Hand  Auger _ 


Sheet  1  of 
01  / 1  5/95 
01  / 1  5/95 

60  F _ 

Cloudy _ 


Elev 

Depth  Pro-  US 

Sample  Sample 

Penet  TOR 

TPH 

(n) 

(ft)  file  CS 

Geologic  Description 

No.  Depth  (ft)  T>pe 

Res  PID(ppm)  Tl^ppm)  BTEX(ppm) 

(ppm) 

Silty  sand.vf  grained, black 


2.5’  Sand  .little  silt / clay,  saturated, gray  brown 

Sand.f-c.some  silt.dk  brown 
Sandy  clay, layered  black, brown  and  olive  gray 
Sand  8c  clay.vf.lt  gray&olive  yellow,  organics 
5.5’  saa, mottled  w/  reddish  orange.fuel  odor 
6’  Sand, fine, clean, It  gray.layered  w/clay,tr  sand, 
gray-green  mottled  w/  rust.reddish-orange 

7.5’  Sand.tr  fines, strong  fuel  odor.grayish 


NOTES 

bgs  -  Below  Ground  Surface 
GS  -  Ground  Surface 
TOC  -  Top  of  Casing 
NS  -  Not  Sampled 
AA  -  Same  As  Above 


SAMPLE  TYPE 

D  -  DRIVE 
C  -  CORE 
G  -  GRAB 

▼  Water  level  drilled 


GEOLOGIC  BORING  LOG 

Intrinsic  Remediation  EE/CA 
Myrtle  Beach  Air  Force  Base 
_ South  Carolina _ 

S>|  PARSONS 

J _ I  ENGINEERING  SCIENCE,  INC. 

Denver,  Colorado 
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GEOLOGIC  BORING  LOG 


BORING  NO  :  CPT32-3’ 
CLIENT:  AFCEE 

JOB  NO.:  722450.22 


LOCATION: 


CPT32-3’ _ CONTRACTOR:  Parsons  E.S. 

AFCEE _ _ _ RIG  TYPE:  _ 

722450.22 _ DRLG  MFTHOD-  Hand  Auger 

MYRTLE  BEACH  AFBRORlNn  DIA.;  _ 


GEOLOGIST:  Dave  Moutoux  DRI  G  FLUID: 


DATE  SPUD: 
DATE  CMPL. 
ELEVATION: 
TEMP: 
WEATHER: 


Sheet  1  of  1 
01  /I  5/95 
01  / 1  5/95 

60  F _ 

Cloudy 


COMENTS: 


E!ev  Depth  Pro- 
(ft)  (ft)  file 


Hand  Auaer 


Geologic  Description 


Silty  sand.dk  brown, organic  matter 

Sand,f-vf,w/  silt, mottled  rust.brown.lt  gray 
saa.f-medium  grained, less  silt 
2.5*  saa.some  clay.fuel  odor 
3'  clay, some  sand,  strong  fuel  odor 


Sample  |  Sample 
No.  Depth  (ft)  T>pe 


NOTES 


SAMPLE  TYPE 


bgs  - 

Below  Ground  Surface 

D  -  DRIVE 

GS  - 

Ground  Surface 

C  -  CORE 

TOC  - 

Top  of  Casing 

G  -  GRAB 

kNS  - 

Not  Sampled 

▼  Water  level  dri 

1 

< 

< 

£ 

Same  As  Above 

_ 

GEOLOGIC  BORING  LOG 

Intrinsic  Remediation  EE/CA 
Myrtle  Beach  Air  Force  Base 
South  Carolina 


ENGINEERING  SCIENCE,  INC. 


Denver.  Colorado 


L:  \45022\drawings\cpt32_3,  02/08/95 


GEOLOGIC  BORING  LOG 


BORING  NO.:  CPJ31 
CLIENT:  AFCEE 

JOB  NO.:  72245 
LOCATION:  MYRTLE 


CPT31  -6’ _ CONTRACTOR:  Persons  E.S. 

AFCEE _ RIG  TYPE:  _ _ _ 

722450.22 _ DRLG  MFTHOO-  Hand  Auger 

MYRTLE  BEACH  AFBRORINN  DIA.:  _ 


GEOLOGIST:  Dove  Moutoux  DRI  G  FLUID: 


DATE  SPUD: 
DATE  CMPL. 
ELEVATION: 
TEMP: 
WEATHER: 


Sheet  1  of  1 
01  / 1  5/95 
01  / 1  5/95 

60  F _ 

Cloudy 


COMENTS: 


Hand  Auger 


Depth  Pro- 
(ft)  file 


Sample 
No.  Depth  ( 


L:  \45022\drowings\cptJ1_6.  02/08/95 


DRAFT 


APPENDIX  A.3 

MONITORING  POINT  INSTALLATION  RECORDS 


l:\45022\cas\appendix.doc 


JOB  NAME  MYRTLE  BEACH  -  AIR  FORCE  BASE  MONITORING  POINT  NUMBER 
JOB  NUMBER  722450.22 _ INSTALLATION  DATE  - LOCATION  _ 


DATUM  ELEVATION  - 

DATUM  FOR  WATER  LEVEL  MEASUREMENT _ 

SCREEN  DIAMETER  &  MATERIAL  Q,?"ro  p.YC_. 
RISER  DIAMETER  &  MATERIAL  IO  PV C 

CONE  PENETROMETER  CONTRACTOR  c.E - 


i  P-85 


GROUND  SURFACE  ELEVATION 

_ SLOT  SIZE 

_ BOREHOLE  DIAMETER L 

_ ES  REPRESENTATIVE 


).0/0 


GROUND  SURFACE  y 

THREADED  COUPUNG - 


/—VENTED  CAP 
/  /-COVER 

r  J  '  X  '  b?/‘ 


SOLID  RISER 


LENGTH  OF  SOLID 
RISER:  5-15. _ 


TOTAL  DEPTH 
OF  MONITORING 
POINT:  %AL- 


SCREEN 


LENGTH  OF 
SCREEN:  3.3' ... 

SCREEN  SLOT 
SIZE:  001- - 

LENGTH  OF  BACKFILLED 

BOREHOLE:  A* _ 

BACKFILLED  WITH:  VA 


(NOT  TO  SCALE) 


FIGURE  3.5 

MONITORING  POINT 
INSTALLATION  RECORD 


STABILIZED  WATER  LEVEL _ 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH 
BELOW  DATUM. 

GROUND  SURFACE  _ 


Myrtle  Beach  Air  Force  Base 
_ South  Carolina _ 

I  PARSONS 

ENGINEERING  SCIENCE,  INC. 

Denver.  Colorado 


M:  \45022\DRAWINGS\94DN1 321  1 1  /1 4/94 


3-14 


MONITORING  POINT  INSTALLATION  RECOR1 


JOB  NAME  MYRTLE  BEACH  -  AIR  FORCE  BASE 

JOB  NUMBER  722450.22 _ INSTALLATION 

DATUM  ELEVATION  _ 

DATUM  FOR  WATER  LEVEL  MEASUREMENT _ 

SCREEN  DIAMETER  k  MATERIAL  O  -5  xd  Pj/C_ 

RISER  DIAMETER  k  {MATERIAL  _ O.-g"  XD  Pv'C 

CONE  PENETROMETER  CONTRACTOR  ..U5ALZ _ 


FORCE  BASE  MONITORING  POINT  NUMBER  _ 

INSTALLATION  DATE  l/Li/£5 _ LOCATION  — L 

_ GROUND  SURFACE  ELEVATION 


_ SLOT  SIZE  CL  Q1A 

BOREHOLE  DIAMETER  _/•  S.l' _ 

ES  REPRESENTATIVE  . -A  ZlQulZ 


GROUND  SURFACE- 


CONCRETE - 

THREADED  COUPUNG - 


/—VENTED  CAP 
/  /-COVER 


SOUD  RISER 


LENGTH  OF  SOUD 
RISER:  -5 '.95 _ 


TOTAL  DEPTH 
OF  MONITORING 
POINT:  9,5" 


SCREEN 


(NOT  TO  SCALE) 


LENGTH  OF 
SCREEN:  ,33 

SCREEN  SLOT 
SIZE: -MU- 


LENGTH  OF  BACKFILLED 

BOREHOLE:  _ 

BACKFILLED  WITH:  tlA 


FIGURE  3.5 

MONITORING  POINT 
INSTALLATION  RECORD 


STABILIZED  WATER  LEVEL _ 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH 
BELOW  DATUM. 

GROUND  SURFACE  _ 


Myrtle  Beach  Air  Force  Base 
_ South  Carolina _ 

PARSONS 

ENGINEERING  SCIENCE, INC. 

Denver.  Colorado 


M:\45022\DRAWINGS\94DN1321  11/14/94 


3-14 


MONITORING  POINT  INSTALLATION  RECORD 

j0B  NAME  MYRTLE  BEACH  -  AIR  FORCE  BASE  MONITORING  POINT  NUMBER 

JOB  NUMBER  722450.22  INSTALLATION  DATE  l/jujRS. - LOCATION  JsL 

ATUM  FI  FVAT10N  _ _  GROUND  SURFACE  ELEVATION 


ATUM  ELEVATION  - 

ATUM  FOR  WATER  LEVEL  MEASUREMENT  — 
SCREEN  DIAMETER  &  MATERIAL  O  •5.  ID 

RISER  DIAMETER  &  MATERIAL  - Q>5"  *P- 

CONE  PENETROMETER  CONTRACTOR  -12* 


_ SLOT  SIZE 

BOREHOLE  DIAMETER — _ 
ES  REPRESENTATIVE  _A_ 


GROUND  SURFACE- 


CONCRETE 


/—VENTED  CAP 
j ^  COVER 

hmw- 


THREADED  COUPUNG 


SOLID  RISER 


LENGTH  OF  SOLID 
RISER:  — 


TOTAL  DEPTH 
OF  MONITORING 
POINT:  3£,5l 


SCREEN 


LENGTH  OF 
SCREEN:  3-3 1_ 

SCREEN  SLOT 
SIZE:  00i: _ - 

LENGTH  OF  BACKFILLED 
BOREHOLE: _ hlA - 

BACKFILLED  WITH:  . 


(NOT  TO  SCALE) 


FIGURE  3.5 

MONITORING  POINT 
INSTALLATION  RECORD 


STABILIZED  WATER  LEVEL _ 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH 
BELOW  DATUM. 

GROUND  SURFACE  _ 


Myrtle  Beach  Air  Force  Base 
_ South  Carolina _ _ 

PARSONS 

ENGINEERING  SCIENCE,  INC. 

Denver.  Colorado 


M:  \45022\DRAWINGS\94DN1 321  11/14/94 


3-14 


MONITORING  POINT  INSTAI I  ATION  RECORD 

JOB  NAME  MYRTLE  BEACH  -  AIR  FORCE  BASE  MONITORING  POINT  NUMBER 
JOB  NUMBER  722450.22 _ INSTALLATION  DATE  l/h/95 - LOCATION  _ 


ATUM  ELEVATION  - - 

DATUM  FOR  WATER  LEVEL  MEASUREMENT - 

SCREEN  DIAMETER  k  MATERIAL  P-V  ^  Pvc 

RISER  DIAMETER  k  MATERIAL  - P--5"  xn  pVC 

CONE  PENETROMETER  CONTRACTOR  L>Ss\c£ - 


GROUND  SURFACE  ELEVATION 

_ _ SLOT  SIZE 

_ BOREHOLE  DIAMETER - 

_ ES  REPRESENTATIVE 


GROUND  SURFACE • 


CONCRETE 


-VENTED  CAP 
-COVER 


THREADED  COUPLING 


SOLID  RISER 


LENGTH  OF  SOUD 
RISER:  £-.£5 — 


TOTAL  DEPTH 
OF  MONITORING 
POINT:  \QzQL- 


SCREEN 


LENGTH  OF 
SCREEN:  3,3'  . 

SCREEN  SLOT 
SIZE:  QQi: _ 

LENGTH  OF  BACKFILLED 

BOREHOLE:  - 

BACKFILLED  WITH:  -MA. 


(NOT  TO  SCALE) 


FIGURE  3.5 

MONITORING  POINT 
INSTALLATION  RECORD 


STABILIZED  WATER  LEVEL - 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH 
BELOW  DATUM. 

GROUND  SURFACE  - 


Myrtle  Beach  Air  Force  Base 
_ South  Carolina _ _ 

PARSONS 

ENOiNEERINO  SCIENCE, INC. 

Denver,  Colorado 


M:\45022\DRAWINGS\94DN1321  11/14/94 


3-14 


MONITORING  POINT  INSTALLATION  RECORQ 

JQB  NAME  MYRTLE  BEACH  -  AIR  FORCE  BASE  MONITORING  POINT  NUMBER  1 
OB  NUMBER  722450.22  INSTALLATION  DATE  l/Ztt/aa - LOCATION 


TUM  ELEVATION  - - - 

ATUM  FOR  WATER  LEVEL  MEASUREMENT - 

SCREEN  DIAMETER  k  MATERIAL  O-.^TP 
RISER  DIAMETER  k  MATERIAL  — Ctll  £P  Pvc- 
CONE  PENETROMETER  CONTRACTOR  — OSfyoE 


GROUND  SURFACE  ELEVATION 

_ SLOT  SIZE 

_ BOREHOLE  DIAMETER  —L 

_ ES  REPRESENTATIVE  _&i 


GROUND  SURFACE- 


CONCRETE 


■VENTED  CAP 
•COVER 


THREADED  COUPLING 


SOLID  RISER  - 


LENGTH  OF  SOLID 
RISER:  — 


TOTAL  DEPTH 
OF  MONITORING 
POINT:  Mil _ 


SCREEN 


LENGTH  OF 
SCREEN:  3.3j_ 

SCREEN  SLOT 
SIZE:  0-01! - 

LENGTH  OF  BACKFILLED 

BOREHOLE:  NA - 

BACKFILLED  WITH:  MA. 


(NOT  TO  SCALE) 


FIGURE  3.5 

MONITORING  POINT 
INSTALLATION  RECORD 


STABILIZED  WATER  LEVEL - 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH 
BELOW  DATUM. 

GROUND  SURFACE  - 


Myrtle  Beach  Air  Force  Base 
_ South  Carolina  _ _ 

PARSONS 

ENGINEERING  SCIENCE,  INC. 

Denver.  Colorado 


M:  \d5022\DRAWINGS\94DN1 321  1 1  /1 4/94 


MONITORING  POINT  INSTALLATION  RECOR 

JOB  NAME  MYRTLE  BEACH  -  AIR  FORCE  BASE  MONITORING  POINT  NUMBER  _ 

JOB  NUMBER  722450.22 _ INSTALLATION  DATE  l/H J31 - LOCATION 

GROUND  SURFACE  ELEVATION 


JOB  NUMBER  _ INSTALLATION  DATE 

ATUM  ELEVATION  - 

ATUM  FOR  WATER  LEVEL  MEASUREMENT _ 

SCREEN  DIAMETER  k  MATERIAL  0-5  ”  £D_PYC _ 

RISER  DIAMETER  k  MATERIAL  _ QS1  m  J>VC _ 

CONE  PENETROMETER  CONTRACTOR  I^ACE _ 


_ SLOT  SIZE 

BOREHOLE  DIAMETER _ 1 

ES  REPRESENTATIVE 


GROUND  SURFACE- 


CONCRETE- 


-VENTED  CAP 
-COVER 


THREADED  COUPLING 


SOLID  RISER- 


LENGTH  OF  SOLID 
RISER:  .?rl4L— 


TOTAL  DEPTH 
OF  MONITORING 
POINT:  JAJLl _ 


SCREEN 


(NOT  TO  SCALE) 


LENGTH  OF 
SCREEN:  Z3. ' 

SCREEN  SLOT 
SIZE:  0-.01— 


LENGTH  OF  BACKRLLED 
BOREHOLE: _ _ _ 

BACKRLLED  WITH:  MA 


FIGURE  3.5 

MONITORING  POINT 
INSTALLATION  RECORD 


STABILIZED  WATER  LEVEL _ 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH 
BELOW  DATUM. 

GROUND  SURFACE  _ 


Myrtle  Beach  Air  Force  Base 
_ South  Carolina _ _ 

PARSONS 

ENGINEERING  SCIENCE,  INC. 

Denver,  Colorado 


M:  \45022\DRAWINGS\94DN1 321  1 1  /1 4/94 


3-14 


MONITORING  POINT  INSTALLATION  RECORD 

JOB  NAME  MYRTLE  BEACH  -  AIR  FORCE  BASE  MONITORING  POINT  NUMBER  HP-  j&j 

JOB  NUMBER  722450.22 _ INSTALLATION  DATE _ LOCATION  _S-of 

DATUM  ELEVATION  _  GROUND  SURFACE  ELEVATION - 


JOB  NUMBER  i±£Zg^££ _ INSTALLATION 

DATUM  ELEVATION  _ 

DATUM  FOR  WATER  LEVEL  MEASUREMENT _ 

SCREEN  DIAMETER  &  MATERIAL  0-5"  3TD. PVC 

RISER  DIAMETER  &  MATERIAL  _ 0.5"  TS  PVC 

CONE  PENETROMETER  CONTRACTOR  U5/\C.E _ 


_ SLOT  SIZE 

BOREHOLE  DIAMETER  —L. 
ES  REPRESENTATIVE  JL. 


GROUND  SURFACE- 


-VENTED  CAP 
•COVER 


CONCRETE- 

THREADED  COUPLING  - 


SaiD  RISER 


LENGTH  OF  SOLID 
RISER:  /St??— 


TOTAL  DEPTH 
OF  MONITORING 
POINT:  ZZ.5 _ 


SCREEN 


LENGTH  OF 
SCREEN:  ,JL IL. 

SCREEN  SLOT 
SIZE:  -Q-.Q1- _ 

LENGTH  OF  BACKFILLED 
BOREHOLE:  -J& I _ 

BACKFILLED  WITH:  tlA 


(NOT  TO  SCALE) 


FIGURE  3.5 

MONITORING  POINT 
INSTALLATION  RECORD 


STABILIZED  WATER  LEVEL _ 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH 
BELOW  DATUM. 

GROUND  SURFACE  _ 


Myrtle  Beach  Air  Force  Base 
_ South  Carolina _ 

PARSONS 

ENGINEERING  SCIENCE,  INC. 

Denver.  Colorado 
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3-14 


MONITORING  POINT  INSTALLATION  RECORD 

JOB  NAME  MYRTLE  BEACH  -  AIR  FORCE  BASE  MONITORING  POINT  NUMBER  MElEl _ 

JOB  NUMBER  722450.22 _ INSTALLATION  DATE  l/lli3l _ LOCATION  ...  S  of  POL  . 

DATUM  ELEVATION  _ _ _ GROUND  SURFACE  ELEVATION _ 

DATUM  FOR  WATER  LEVEL  MEASUREMENT _ _ _ 

SCREEN  DIAMETER  &  MATERIAL  Q  ■  5  "  PVC _ SLOT  SIZE 

RISER  DIAMETER  &  MATERIAL  0.5"  TP  PVC _ BOREHOLE  DIAMETER  —LB.  " - 

CONE  PENETROMETER  CONTRACTOR  QSACE _ ES  REPRESENTATIVE  -±L.M0U.±QU*. 


(NOT  TO  SCALE) 


FIGURE  3.5 

MONITORING  POINT 
INSTALLATION  RECORD 


STABILIZED  WATER  LEVEL _ 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH 
BELOW  DATUM. 

GROUND  SURFACE  _ 


FEET 


FEET 

FEET 


Myrtle  Beach  Air  Force  Base  j 

_ South  Carolina _ 

PARSONS  1 

ENOINEERINO  SCIENCE, INC.’ 

Denver,  Colorado  ! 


\45022\DRAWINGS\94DN1 321  1 1  /14/94 


3-14 


MONITORING  POINT  INSTALL  ATI  ON  RECORD 

JOB  NAME  MYRTLE  BEACH  -  AIR  FORCE  BASE  MONITORING  POINT  NUMBER  J 

JOB  NUMBER  722450.22 _ INSTALLATION  DATE  'JJibl - LOCATION  _i 

ATUM  ELEVATION  _ _  GROUND  SURFACE  ELEVATION 

ATUM  FOR  WATER  LEVEL  MEASUREMENT  - - - - 

SCREEN  DIAMETER  &  MATERIAL  0-5*  ZO  PVC - SLOT  SIZE 


RISER  DIAMETER  &  MATERIAL  _ Q. 

CONE  PENETROMETER  CONTRACTOR 


BOREHOLE  DIAMETER  — 
ES  REPRESENTATIVE 


GROUND  SURFACE- 


CONCRETE- 


/—VENTED  CAP 
j ^  COVER 

lZT| W- 


THREADED  COUPUNG 


SOUD  RISER  ■ 


LENGTH  OF  SOUD 
RISER: 


TOTAL  DEPTH 
OF  MONITORING 

POINT:  _22i£l_ 


SCREEN 


LENGTH  OF 
SCREEN:  3-3'  _ 

SCREEN  SLOT 
SIZE:  PQl! _ 

LENGTH  OF  BACKFILLED 

BOREHOLE: _ tlA - 

BACKFILLED  WITH:  NA. 


(NOT  TO  SCALE) 


FIGURE  3.5 

MONITORING  POINT 
INSTALLATION  RECORD 


STABIUZED  WATER  LEVEL _ 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH 
BELOW  DATUM. 

GROUND  SURFACE  _ 


Myrtle  Beach  Air  Force  Base 
_ South  Carolina _ _ 

PARSONS 

ENGINEERING  SCIENCE, INC. 

Denver.  Colorado 


W:\45022\DRAWINGS\940N1321  11/14/94 


MONITORING  POINT  1NSTAU  AT10N  RECORD 

JOB  NAME  MYRTLE  BEACH  -  AIR  FORCE  BASE  MONITORING  POINT  NUMBER  _£ 

JOB  NUMBER  722450.22 _ INSTALLATION  DATE  — ),/)* - LOCATION  — S 

ATUM  ELEVATION  - - - GROUND  SURFACE  ELEVATION 

ATUM  FOR  WATER  LEVEL  MEASUREMENT - - - - - 

SCREEN  DIAMETER  k  MATERIAL  ChJLl  *0  PVL - - - SL0T  SIZE 

RISER  DIAMETER  k  MATERIAL  - Q.5V  FVC - BOREHOLE  DIAMETER  _ l 

CONE  PENETROMETER  CONTRACTOR  - ES  REPRESENTATIVE  ^ 


ip-  /90 

of  POj 


GROUND  SURFACE- 


CONCRETE - 


-VENTED  CAP 
-COVER 


r^v 


THREADED  COUPLING 


1 


SOLID  RISER 


LENGTH  OF  SOLID 
RISER:  3j._9.5_ 


TOTAL  DEPTH 
OF  MONITORING 
POINT:  — 


SCREEN 


LENGTH  OF  , 

SCREEN:  — 

SCREEN  SLOT 
SIZE:  O-.Qi: _ 

LENGTH  OF  BACKFILLED 

BOREHOLE:  - 

BACKFILLED  WITH:  -&A 


(NOT  TO  SCALE) 


FIGURE  3.5 

MONITORING  POINT 
INSTALLATION  RECORD 


STABILIZED  WATER  LEVEL - 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH 
BELOW  DATUM. 

GROUND  SURFACE  - 


Myrtle  Beach  Air  Force  Base 
_ South  Carolina  _ 

PARSONS  _ 

ENGINEERING  SCIENCE,  INC, 

Denver,  Colorado 


W:\45022\DRAWINGS\94DN1321  11/14/94 


MONITORING  POINT  INSTALLATION  RECORD 

J0B  namE  MYRTLE  BEACH  -  AIR  FORCE  BASE  MONITORING  POINT  NUMBER  MP-20S 
JOB  NUMBER  722450.22 _ INSTALLATION  DATE  - LOCATION  — S  °F-P.G 


ATUM  ELEVATION  - 

ATUM  FOR  WATER  LEVEL  MEASUREMENT 
SCREEN  DIAMETER  k  MATERIAL  Q-S‘±_ 

RISER  DIAMETER  k  MATERIAL  - QiH-2 

CONE  PENETROMETER  CONTRACTOR  -DAi 


GROUND  SURFACE  ELEVATION 

_ _  SLOT  SIZE 

_ BOREHOLE  DIAMETER - 

_ ES  REPRESENTATIVE  J>_ 


GROUND  SURFACE- 


CONCRETE 


-VENTED  CAP 
-COVER 


THREADED  COUPLING 


SaiD  RISER  • 


LENGTH  OF  SOLID 
RISER:  IOjII— 


TOTAL  DEPTH 
OF  MONITORING 
POINT: 


SCREEN 


LENGTH  OF 
SCREEN:  3JL- 

SCREEN  SLOT 
SIZE:  OQ1* - 

LENGTH  OF  BACKFILLED 

BOREHOLE:  A 'A - 

BACKFILLED  WITH:  JlA. 


(NOT  TO  SCALE) 


FIGURE  3.5 

MONITORING  POINT 
INSTALLATION  RECORD 


STABILIZED  WATER  LEVEL _ 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH 
BELOW  DATUM. 

GROUND  SURFACE  _ 


Myrtle  Beach  Air  Force  Base 
_ South  Carolina _ 
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Denver,  Colorado 


M:\45022\DRAWINGS\94DN1321  11/14/94 


MONITORING  POINT  INSTAI  LATION  RECORD 

JOB  NAME  MYRTLE  BEACH  -  AIR  FORCE  BASE  MONITORING  POINT  NUMBER  mP^IS 
JOB  NUMBER  722450.22 _ INSTALLATION  DATE  l/lijli - LOCATION  IV  of  Po.L 


ATUM  ELEVATION  - - 

DATUM  FOR  WATER  LEVEL  MEASUREMENT - 

SCREEN  DIAMETER  k  MATERIAL  CLJil  ZM 

RISER  DIAMETER  k  MATERIAL  - 0.5,>  XP  Pv/C. 

CONE  PENETROMETER  CONTRACTOR  V-SA.CJL - 


GROUND  SURFACE  ELEVATION - 

_ _  SLOT  SIZE  Qjl  QU 

_ BOREHOLE  DIAMETER  — LBJl — 

_ ES  REPRESENTATIVE  CL  td^Ul 


GROUND  SURFACE- 


CONCRETE - 

THREADED  COUPLING - - 


-VENTED  CAP 
-COVER 


SOLID  RISER 


LENGTH  OF  SOLID 
RISER:  _ 


TOTAL  DEPTH 
OF  MONITORING 
POINT:  IQ' _ 


SCREEN 


LENGTH  OF 
SCREEN:  3,3 — 

SCREEN  SLOT 
SIZE:  O-O1- _ 

LENGTH  OF  BACKFILLED 

BOREHOLE:  _ hlA - 

BACKFILLED  WITH:  d!A 


(NOT  TO  SCALE) 


FIGURE  3.5 

MONITORING  POINT 
INSTALLATION  RECORD 


STABILIZED  WATER  LEVEL - 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH 
BELOW  DATUM. 

GROUND  SURFACE  _ 


Myrtle  Beach  Air  Force  Base 
_ South  Carolina _ 

PARSONS 

ENGINEERING  SCIENCE,  INC. 

Denver.  Colorado 
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MONITORING  POINT  INSTALLATION  RECORI 

J0B  NAME  MYRTLE  BEACH  -  AIR  FORCE  BASE  MONITORING  POINT  NUMBER - di 

JOB  NUMBER  722450.22  INSTALLATION  DATE  - LOCATION  W  c£__£ 

ATUM  ELEVATION  _ _ _ —  GROUND  SURFACE  ELEVATION - 

DATUM  FOR  WATER  LEVEL  MEASUREMENT - - - — - - - “ 

SCREEN  DIAMETER  &  MATERIAL  O- -5  "  XD  PVC - - - SL0T  SIZE  — 

RISER  DIAMETER  &  MATERIAL  - 0.5"  To  ps/C - BOREHOLE  DIAMETER  — — _ 

CONE  PENETROMETER  CONTRACTOR  CE - -  ES  REPRESENTATIVE  D~ 


GROUND  SURFACE- 


CONCRETE 


■VENTED  CAP 
■COVER 


TOW 


THREADED  COUPLING 


SOLID  RISER 


LENGTH  OF  SOLID 
RISER:  — 


TOTAL  DEPTH 
OF  MONITORING 
POINT:  10-°'- 


SCREEN 


LENGTH  OF 
SCREEN:  3.3 

SCREEN  SLOT 
SIZE: -Mll- 


LENGTH  OF  BACKFILLED 

BOREHOLE:  -NA - 

BACKFILLED  WITH:  -NA 


(NOT  TO  SCALE) 


FIGURE  3.5 

MONITORING  POINT 
INSTALLATION  RECORD 


STABILIZED  WATER  LEVEL  - 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH 
BELOW  DATUM. 

GROUND  SURFACE  - 
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Myrtle  Beach  Air  Force  Base 
_ South  Carolina _ _ 

I  PARSONS 

I  ENGINEERING  SCIENCE,  INC  ■ 

Denver,  Colorado 


MONITORING  POINT  INSTALLATION  RECORD 

J0B  NAME  MYRTLE  BEACH  -  AIR  FORCE  BASE  MONITORING  POINT  NUMBER  MP~. 21 

JOB  NUMBER  722450.22 _ INSTALLATION  DATE  1  /ll/3g - LOCATION  SuJ  a. LB 

ATUM  ELEVATION  _ _ GROUND  SURFACE  ELEVATION - 

ATUM  FOR  WATER  LEVEL  MEASUREMENT - - - 

SCREEN  DIAMETER  k  MATERIAL  0-5"  XP  .£*= - —  SL0T  SIZE  °'9L 

RISER  DIAMETER  k  MATERIAL  _ £.5"  JC>  £VC - BOREHOLE  DIAMETER - hJl - 

CONE  PENETROMETER  CONTRACTOR  USA  CJL - ES  REPRESENTATIVE  D  CUQUt. 


GROUND  SURFACE' 


CONCRETE  - 


•VENTED  CAP 
•COVER 


m 


THREADED  COUPLING 


SOUD  RISER 


LENGTH  OF  SOLID 
RISER: 


TOTAL  DEPTH 
OF  MONITORING 
POINT: 


SCREEN 


LENGTH  OF 
SCREEN:  2JLL- 

SCREEN  SLOT 
SIZE:  0-01.: _ 

LENGTH  OF  BACKFILLED 

BOREHOLE: _ - 

BACKFILLED  WITH:  A (A 


(NOT  TO  SCALE) 


FIGURE  3.5 

MONITORING  POINT 
INSTALLATION  RECORD 


i 


STABILIZED  WATER  LEVEL - 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH 
BELOW  DATUM. 

GROUND  SURFACE  _ 


Myrtle  Beach  Air  Force  Base 
_ South  Carolina _ ___ 

PARSONS 

ENGINEERING  SCIENCE,  INC. 


Denver.  Colorado 
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MONITORING  POINT  INSTALLATION  RECORD 

J0B  NAME  MYRTLE  BEACH  -  AIR  FORCE  BASE  MONITORING  POINT  NUMBER  _M£> '  * 

JOB  NUMBER  722450.22 _ INSTALLATION  DATE  - LOCATION  _S_cf 


TUM  ELEVATION  - — 

ATUM  FOR  WATER  LEVEL  MEASUREMENT - 

SCREEN  DIAMETER  &  MATERIAL  P 

RISER  DIAMETER  &  MATERIAL  - 0-  5  *  XD  PVC. 

CONE  PENETROMETER  CONTRACTOR - OS  A  CE  _ 


GROUND  SURFACE  ELEVATION  _ 

_ SLOT  SIZE  -L 

_ BOREHOLE  DIAMETER  — LJ 

_ ES  REPRESENTATIVE  Q-  tl 


GROUND  SURFACE' 


CONCRETE  - 


/—VENTED  CAP 
j ^  COVER 


THREADED  COUPLING 


SOUD  RISER 


LENGTH  OF  SOLID 
RISER:  — 


TOTAL  DEPTH 
OF  MONITORING 
POINT:  |3..ol_ 


SCREEN 


(NOT  TO  SCALE) 


LENGTH  OF 
SCREEN:  3.i 

SCREEN  SLOT 
SIZE:  0-01  — 


LENGTH  OF  BACKFILLED 
BOREHOLE: _ M4 - 

BACKFILLED  WITH:  -A^4 


FIGURE  3.5 

MONITORING  POINT 
INSTALLATION  RECORD 


STABILIZED  WATER  LEVEL - 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH 
BELOW  DATUM. 

GROUND  SURFACE  - 


Myrtle  Beach  Air  Force  Base 
_ South  Carolina  _ 

PARSONS 

ENGINEERING  SCIENCE,  INC. 

Denver,  Colorado 
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MONITORING  POINT  INSTAI  1.AT1QN  RECORD 

J0B  NAME  MYRTLE  BEACH  -  AIR  FORCE  BASE  MONITORING  POINT  NUMBER  _ 
JOB  NUMBER  722450.22 _ INSTALLATION  DATE  i/i2  - LOCATION  _Sj 


ATUM  ELEVATION  - - - 

ATUM  FOR  WATER  LEVEL  MEASUREMENT - 

SCREEN  DIAMETER  k  MATERIAL  — IT?"  XO_£] 

RISER  DIAMETER  k  MATERIAL  - 0-5  n  T£-2l 

CONE  PENETROMETER  CONTRACTOR  U$A  CZ — 


GROUND  SURFACE  ELEVATION 

_ _  SLOT  SIZE 

_ BOREHOLE  DIAMETER  — 

_ ES  REPRESENTATIVE  A. 


GROUND  SURFACE- 


CONCRETE 

THREADED  COUPUNG - - 


■VENTED  CAP 
•COVER 


SOUD  RISER- 


LENGTH  OF  SOLID 
RISER:  I5L35— 


TOTAL  DEPTH 
OF  MONITORING 
POINT:  23.5  _ 


SCREEN 


LENGTH  OF 
SCREEN:  3,3'— 

SCREEN  SLOT 
SIZE:  ml _ 

LENGTH  OF  BACKFILLED 

BOREHOLE: _ A43 - 

BACKFILLED  WITH:  -blA 


(NOT  TO  SCALE) 


FIGURE  3.5 

MONITORING  POINT 
INSTALLATION  RECORD 


i 


STABILIZED  WATER  LEVEL - 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH 
BELOW  DATUM. 

GROUND  SURFACE  _ 


Myrtle  Beach  Air  Force  Base 
_ South  Carolina _ 

PARSONS 

ENGINEERING  SCIENCE,  INC. 

Denver,  Colorado 
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MONITORING  POINT  INSTALLATION  RECORD 

J0B  NAME  MYRTLE  BEACH  -  AIR  FORCE  BASE  MONITORING  POINT  NUMBER 
JOB  NUMBER  722450.22 _ INSTALLATION  DATE  l/li/31 - LOCATION  i 


ATUM  ELEVATION  - 

ATUM  FOR  WATER  LEVEL  MEASUREMENT 
SCREEN  DIAMETER  k  MATERIAL  Q^Al 1 

RISER  DIAMETER  k  MATERIAL  - P-  2.  'L 

CONE  PENETROMETER  CONTRACTOR  ._LL4 


GROUND  SURFACE  ELEVATION 

_ _ SLOT  SIZE 

_ BOREHOLE  DIAMETER - 

_ ES  REPRESENTATIVE  _A_ 


HP-2  3 


GROUND  SURFACE- 


■VENTED  CAP 
■COVER 


CONCRETE 

THREADED  COUPLING - - 


SOLID  RISER  ■ 


LENGTH  OF  SOLID 
RISER:  25.<fS_ 


TOTAL  DEPTH 
OF  MONITORING 
POINT: 


SCREEN 


(NOT  TO  SCALE) 


LENGTH  OF 
SCREEN:  3,3 

SCREEN  SLOT 
SIZE:  P-gi"— 


LENGTH  OF  BACKFILLED 
BOREHOLE:  _ dA - 

BACKFILLED  WITH:  d/ 


FIGURE  3.5 

MONITORING  POINT 
INSTALLATION  RECORD 


STABILIZED  WATER  LEVEL _ 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH 
BELOW  DATUM. 

GROUND  SURFACE  _ 


Myrtle  Beach  Air  Force  Base 
_ South  Carolina _ _ 

PARSONS 

ENGINEERING  SCIENCE,  INC. 

Denver.  Colorado 
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MONITORING  POINT  INSTAI I  ATI  ON  RECOR 

MYRTLE  BEACH  -  AIR  FORCE  BASE  MONITORING  POINT  NUME 

722450.22  INSTALLATION  DATE  1  lllhl - LOCAT1C 


JOB  NAME  M T K  ILL  DLAin  -  Mirc  c 

JOB  NUMBER  722450.22 _ INSTALLA 

ATUM  ELEVATION  - 

ATUM  FOR  WATER  LEVEL  MEASUREMENT  _ 
SCREEN  DIAMETER  k  MATERIAL  O'5'"  X£ 

RISER  DIAMETER  k  MATERIAL  - 0-5"  HQ 

CONE  PENETROMETER  CONTRACTOR  . 


MONITORING  POINT  NUMBER  J 

1  /<2/^5  LOCATION _ 

GROUND  SURFACE  ELEVATION 


IP-  303 


_ SLOT  SIZE 

BOREHOLE  DIAMETER - 

ES  REPRESENTATIVE  JL_- 


GROUND  SURFACE' 


CONCRETE 


-VENTED  CAP 
-COVER 


THREADED  COUPLING 


SOLID  RISER  • 


LENGTH  OF  SOUD 
RISER:  — 


TOTAL  DEPTH 
OF  MONITORING 
POINT:  I Uo' 


SCREEN 


LENGTH  OF 
SCREEN:  3.3'_ 

SCREEN  SLOT 
SIZE:  0-01- _ 

LENGTH  OF  BACKFILLED 
BOREHOLE:  _ tJA - 

BACKFILLED  WITH: 


(NOT  TO  SCALE) 


FIGURE  3.5 

MONITORING  POINT 
INSTALLATION  RECORD 


STABILIZED  WATER  LEVEL _ 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH 
BELOW  DATUM. 

GROUND  SURFACE  - 


Myrtle  Beach  Air  Force  Base 
_ South  Carolina _ 

PARSONS 
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Denver,  Colorado 
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MONITORING  POINT  INSTALLATION  RECORD 

JOB  NAME  MYRTLE  BEACH  -  AIR  FORCE  BASE  MONITORING  POINT  NUMBER  _ 

JOB  NUMBER  722450.22  INSTALLATION  DATE  i/il/H - LOCATION  — - 

DATUM  ELEVATION  _ GROUND  SURFACE  ELEVATION - 

DATUM  FOR  WATER  LEVEL  MEASUREMENT - - - - - 

SCREEN  DIAMETER  &  MATERIAL  O-5'  - -  SLOT  SIZE  Q:  QlQl — 

RISER  DIAMETER  &  MATERIAL  _ 0-5"  ID  pyl _ BOREHOLE  DIAMETER - LB-1 - 

CONE  PENETROMETER  CONTRACTOR  LLSAJkE _ ES  REPRESENTATIVE  £  ^OUtO.UJL 


(NOT  TO  SCALE) 


FIGURE  3.5 

MONITORING  POINT 
INSTALLATION  RECORD 

STABILIZED  WATFR  1  FVFt 

_  FEET 

^  BELOW  DATUM. 

W  TOTAL  MONITORING  POINT  DEPTH _ 

_  FEET 

Myrtle  Beach  Air  Force  Base 

South  Carolina 

p  BELOW  DATUM. 

_  FEET 

PARSONS 

GROUND  SURFACE 

■1 

ENGINEERING  SCIENCE,  INC. 

- - - - 

Denver,  Colorado 
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MONITORING  POINT  INSTALLATION  RECORI 

MYRTLE  BEACH  -  AIR  FORCE  BASE  MONITORING  POINT  NUMBER  MP-_3£j 
722450.22  INSTALLATION  DATE  dllJlS. _ LOCATIOI 


JOB  NAME  MTKILt  DLAOn  -  mik  rwuc  daol _  MONIIOKING  HUINI  NUMdLK 

JOB  NUMBER  722450.22 _ INSTALLATION  DATE  t//3/l5 - LOCATION  — £ 

DATUM  ELEVATION  _ _ —  GROUND  SURFACE  ELEVATION 

DATUM  FOR  WATER  LEVEL  MEASUREMENT - — 

SCREEN  DIAMETER  k  MATERIAL  Q.5"  X£>  Pt/C — - SLOT  SIZE 

RISER  DIAMETER  k  MATERIAL  _ Q±  5.  _  ZH  - BOREHOLE  DIAMETER - 

CONE  PENETROMETER  CONTRACTOR  USAL-E - - - ES  REPRESENTATIVE 


O-  Q±Q 

81 _ 


GROUND  SURFACE- 


CONCRETE- 


-VENTED  CAP 
■COVER 


THREADED  COUPLING 


SOLID  RISER- 


LENGTH  OF  SOLID 
RISER: 


TOTAL  DEPTH 
OF  MONITORING 
POINT:  3g  . 


SCREEN 


LENGTH  OF 
SCREEN:  3,3 

SCREEN  SLOT 
SIZE:  -Mi: _ 

LENGTH  OF  BACKFILLED 

BOREHOLE:  _ - 

BACKFILLED  WITH:  MA 


(NOT  TO  SCALE) 


FIGURE  3.5 

MONITORING  POINT 
INSTALLATION  RECORD 


STABILIZED  WATER  LEVEL - 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH 
BELOW  DATUM. 

GROUND  SURFACE  _ 


Myrtle  Beach  Air  Force  Base 
_ South  Carolina _ 

PARSONS 

ENOINEERINO  SCIENCE, INC. 

Denver.  Colorado 
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MONITORING  POINT  INSTALLATION  RECORD 

J0B  NAME  MYRTLE  BEACH  -  AIR  FORCE  BASE  MONITORING  POINT  NUMBER  j 

JOB  NUMBER  722450.22 _ INSTALLATION  DATE  1/  /2./15 - LOCATION  — 

ah  iu  fi  FVATlON  _ - _ GROUND  SURFACE  ELEVATION 


ATUM  ELEVATION  - - 

ATUM  FOR  WATER  LEVEL  MEASUREMENT - 

SCREEN  DIAMETER  k  MATERIAL  CL 5  _  IA  BAL 

RISER  DIAMETER  k  MATERIAL  - Qill  TD  PVC_ 

CONE  PENETROMETER  CONTRACTOR  — LLA  &£_ 


_ SLOT  SIZE 

BOREHOLE  DIAMETER  — 
ES  REPRESENTATIVE 


GROUND  SURFACE- 


CONCRETE 


-VENTED  CAP 
■COVER 


THREADED  COUPLING 


SOLID  RISER  • 


LENGTH  OF  SOLID 
RISER:  33,^5- 


TOTAL  DEPTH 
OF  MONITORING 
POINT:  2ZMl- 


SCREEN 


LENGTH  OF 
SCREEN:  LLL 

SCREEN  SLOT 
SIZE:  ml _ 

LENGTH  OF  BACKFILLED 

BOREHOLE: _ NA - 

BACKFILLED  WITH:  -MA 


(NOT  TO  SCALE) 


FIGURE  3.5 

MONITORING  POINT 
INSTALLATION  RECORD 


STABILIZED  WATER  LEVEL - 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH 
BELOW  DATUM. 

GROUND  SURFACE  - - 


Myrtle  Beach  Air  Force  Base 
_ South  Carolina _ _ 

PARSONS 

ENGINEERING  SCIENCE, INC. 

Denver,  Colorado 
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MONITORING  POINT  INSTALLATION  RECOR1 


JOB  NAME  MYRTLE  BEACH  -  AIR  FORCE  BASE 

JOB  NUMBER  722450.2 2 _ INSTALLATION  C 

DATUM  ELEVATION  _ 

DATUM  FOR  WATER  LEVEL  MEASUREMENT  _ 

SCREEN  DIAMETER  k  MATERIAL  0-51  Z2t_RVC 

RISER  DIAMETER  k  MATERIAL  _ Q. •  $1  ZD_£VC 

CONE  PENETROMETER  CONTRACTOR  ±IAAL£. _ 


FORCE  BASE  MONITORING  POINT  NUMBER  MP-33.Q 

INSTALLATION  DATE  l/il/H _ LOCATION  £-p£  PQL^£ 

_ GROUND  SURFACE  ELEVATION _ 


_ SLOT  SIZE  -J2, 

BOREHOLE  DIAMETER  8  " 
ES  REPRESENTATIVE  £>.-  Moi 


GROUND  SURFACE y 

- 

ca,CKW~^m^. 

THREADED  COUPLING - 


•VENTED  CAP 
•COVER 


rj 


SaiD  RISER 


LENGTH  OF  SOLID 
RISER:  22  -?.5_ 


TOTAL  DEPTH 
OF  MONITORING 
POINT: ..  .34-5-1 


SCREEN 


(NOT  TO  SCALE) 


LENGTH  OF 
SCREEN:  3± 3 

SCREEN  SLOT 
SIZE:  001" 


LENGTH  OF  BACKFILLED 
BOREHOLE: _ b£A - 

BACKFILLED  WITH:  A/A 


FIGURE  3.5 

MONITORING  POINT 
INSTALLATION  RECORD 


STABILIZED  WATER  LEVEL _ 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH 
BELOW  DATUM. 

GROUND  SURFACE  _ 


Myrtle  Beach  Air  Force  Base 
_ South  Carolina _ 

PARSONS 

ENGINEERING  SCIENCE,  INC. 

Denver,  Colorado 
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MONITORING  POINT  INSTALLATION  RECORI 


JOB  NAME  MYRTLE  BEACH  -  AIR  FORCE  BASE 

JOB  NUMBER  722450.22 _ INSTALLATION  DATE 

DATUM  ELEVATION  - 

DATUM  FOR  WATER  LEVEL  MEASUREMENT - 

SCREEN  DIAMETER  k  MATERIAL  Q-5"  XD  PV\ 

RISER  DIAMETER  k  MATERIAL  - QJlL  ZD 

CONE  PENETROMETER  CONTRACTOR  IL^ALE. - 


MONITORING  POINT  NUMBER  . MP- 

>/)3/95  LOCATION  5  cf  Pol,  S 
GROUND  SURFACE  ELEVATION  - - 

_ SLOT  SIZE  O-Qio 

_ BOREHOLE  DIAMETER - LS-1 - 

_ ES  REPRESENTATIVE  P- 


GROUND  SURFACE- 


CONCRETE 


•VENTED  CAP 
•COVER 


THREADED  COUPUNG 


SOLID  RISER 


LENGTH  OF  SOUD 
RISER:  lM*— 


TOTAL  DEPTH 
OF  MONITORING 
POINT:  tlM 


SCREEN 


LENGTH  OF 
SCREEN:  3  3_ 

SCREEN  SLOT 
SIZE:  -Q-Oi: _ 

LENGTH  OF  BACKFILLED 
BOREHOLE:  _ - 

BACKFILLED  WITH:  tlA 


(NOT  TO  SCALE) 


FIGURE  3.5 

MONITORING  POINT 
INSTALLATION  RECORD 


STABILIZED  WATER  LEVEL _ 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH 
BELOW  DATUM. 

GROUND  SURFACE  _ 


Myrtle  Beach  Air  Force  Base 
_ South  Carolina _ 

PARSONS 

ENGINEERING  SCIENCE,  INC. 

Denver.  Colorado 
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MONITORING  POINT  INSTALLATION  RECORD 

JOB  NAME  MYRTLE  BEACH  -  AIR  FORCE  BASE  MONITORING  POINT  NUMBER  -£t£lMg 
JOB  NUMBER  722450.22 _ INSTALLATION  DATE  liil/31 - LOCATION  S  A  E&L+  S 


ATUM  ELEVATION  - - - 

ATUM  FOR  WATER  LEVEL  MEASUREMENT - 

SCREEN  DIAMETER  k  MATERIAL  0-5"  7TB  PYC_ 

RISER  DIAMETER  k  MATERIAL  - 0>5"  Z&  BVk 

CONE  PENETROMETER  CONTRACTOR  USAC_£ - 


GROUND  SURFACE  ELEVATION  — 

_ _  SLOT  SIZE  -C 

_ BOREHOLE  DIAMETER  — L&- 

_ ES  REPRESENTATIVE  A  Mi 


GROUND  SURFACE- 


CONCRETE—^-, 
THREADED  COUPLING - 


-VENTED  CAP 
-COVER 

Zr-W 


SOLID  RISER 


LENGTH  OF  SOLID 
RISER:  24- 


TOTAL  DEPTH 
OF  MONITORING 
POINT:  .TS-p" 


SCREEN 


LENGTH  OF 
SCREEN:  3-31 

SCREEN  SLOT 
SIZE:  .Ml! _ 

LENGTH  OF  BACKFILLED 

BOREHOLE: _ tlA - 

BACKFILLED  WITH:  -MA 


(NOT  TO  SCALE) 


FIGURE  3.5 

MONITORING  POINT 
INSTALLATION  RECORD 


STABILIZED  WATER  LEVEL - 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH 
BELOW  DATUM. 

GROUND  SURFACE  - 
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MONITORING  POINT  INSTAI 1  ATI  ON  RECORD 

J0B  NAME  MYRTLE  BEACH  -  AIR  FORCE  BASE  MONITORING  POINT  NUMBER  _ 

JOB  NUMBER  722450.22 _ INSTALLATION  DATE  — i/hjlS. LOCATION  £j 


ATUM  ELEVATION  - - 

'DATUM  FOR  WATER  LEVEL  MEASUREMENT - 

SCREEN  DIAMETER  &  MATERIAL  O-  5.  "  IP 

RISER  DIAMETER  &  MATERIAL - Q-5* 

CONE  PENETROMETER  CONTRACTOR  U-SACfj - 


GROUND  SURFACE  ELEVATION 

_ SLOT  SIZE 

_ BOREHOLE  DIAMETER  —L 

_ ES  REPRESENTATIVE 


GROUND  SURFACE y 

CONCRETE-4^^ 
THREADED  COUPLING - - 


■VENTED  CAP 
■COVER 


SaiD  RISER 


LENGTH  OF  SOUD 
RISER:  ZL  tt£— 


TOTAL  DEPTH 
OF  MONITORING 
POINT:  _3_L _ 


SCREEN 


LENGTH  OF 
SCREEN:  3»_3_ 

SCREEN  SLOT 
SIZE:  -0.-01! _ 

LENGTH  OF  BACKFILLED 

BOREHOLE:  _ ^ - 

BACKFILLED  WITH:  J&L 


(NOT  TO  SCALE) 


FIGURE  3.5 

MONITORING  POINT 
INSTALLATION  RECORD 


STABILIZED  WATER  LEVEL - 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH 
BELOW  DATUM. 

GROUND  SURFACE  _ 


Myrtle  Beach  Air  Force  Base 
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JOB  NAME  MYRTLE  BEACH  -  AIR  FORCE  BASE  MONITORING  POINT  NUMBER  MP-_3.k5 - 

JOB  NUMBER  722450.22  INSTALLATION  DATE  07/2g - LOCATION  S  cf  Pol  n^+ 

DATUM  ELEVATION  _ _  GROUND  SURFACE  ELEVATION - 

DATUM  FOR  WATER  LEVEL  MEASUREMENT  - — - — - 

SCREEN  DIAMETER  &  MATERIAL  O-S"  ID  fVc - -  SLOT  SIZE  - 

RISER  DIAMETER  &  MATERIAL  _ OA1  IP  - BOREHOLE  DIAMETER  — lU - 

CONE  PENETROMETER  CONTRACTOR  VA AC-E - ES  REPRESENTATIVE  C>  rtooroux - 


•VENTED  CAP 
•COVER 


GROUND  SURFACE- 


CONCRETE - v. . , 

THREADED  COUPLING - - 


SOUD  RISER- 


SCREEN 
CAP  — 


ro 

w 

LENGTH  OF  SOUD 

RISER:  5 1- 

LENGTH  OF 

SGRFFN:  3.3' 

SCREEN  SLOT 

«7F-  0.01" ... .. 

.  ..  ’ 

TOTAL  DEPTH 
OF  MONITORING 
POINT:  10- O' 


LENGTH  OF  BACKFILLED 

BOREHOLE: _ ^ - 

BACKFILLED  WITH:  tlA 


(NOT  TO  SCALE) 


FIGURE  3.5 

MONITORING  POINT 
INSTALLATION  RECORD 


STABILIZED  WATER  LEVEL _ 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH 
BELOW  DATUM. 

GROUND  SURFACE  _ 
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Myrtle  Beach  Air  Force  Base 
Sooth  Carolina _ _ 
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Denver,  Colorado 


MONITORING  POINT  INSTALLATION  RECORI 


JOB  NAME  MYRTLE  BEACH  -  AIR  FORCE  BASE 

JOB  NUMBER  722450.22 _ INSTALLATION 

DATUM  ELEVATION  - - 

DATUM  FOR  WATER  LEVEL  MEASUREMENT _ 

SCREEN  DIAMETER  it  MATERIAL  0.5“  TO  pyl 

RISER  DIAMETER  &  MATERIAL  _ 0-5*  XD  PVC 

CONE  PENETROMETER  CONTRACTOR _ l)SAC.5_ 


rUKCt  UAbfc.  MONITORING  POINT  NUMBER  ± 

INSTALLATION  DATE  \)\7h5 _ LOCATION  S _± 

_ _  GROUND  SURFACE  ELEVATION 


_ _ SLOT  SIZE  o.oiou 

BOREHOLE  DIAMETER _ L&  * _ 

ES  REPRESENTATIVE  D- 


GROUND  SURFACE- 


CONCRETE 


•VENTED  CAP 
■COVER 


THREADED  COUPLING 


SOLID  RISER 


LENGTH  OF  SOUO 
RISER:  35  J5_ 


TOTAL  DEPTH 
OF  MONITORING 
POINT:  39.5 


SCREEN 


LENGTH  OF 
SCREEN:  3.i.3_ 

SCREEN  SLOT 
SIZE:  P-01 : _ 

LENGTH  OF  BACKFILLED 
BOREHOLE: _ d£ _ 

BACKFILLED  WITH: 


(NOT  TO  SCALE) 


FIGURE  3.5 

MONITORING  POINT 
INSTALLATION  RECORD 


STABILIZED  WATER  LEVEL _ 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH 
BELOW  DATUM. 

GROUND  SURFACE  _ 
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SURVEY  RESULTS 
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MAP  LOCATION 


CPT-2 


CPT-3 


CPT-4 


CPT-6 


CPT-7 


NAME  OF  OBJECT 


CPT-2 


CPT-3 


CPT-4 


CPT-6 


CPT-7 


NORTHING 


251315.10 


251248.50 


251118.68 


naiiEiissI 


250932.30 


250980.92 


EASTING 


2625894.69 


2625923.64 


2625626.86 


25460.7 


2625513.71 

2625616.13 


GS 


2 


2. 


2: 


23.16 
23.43 
.14 


CPT-8 

MP-8S 

251097.92 

2625906.80 

22.83 

22.69 

CPT-9 

CPT-9 

251129.51 

2625980.18 

22.34 

CPT-10 

MP-10S 

251225.72 

2626113.85 

23.16 

23.00 

CPT-11 

CPT-11 

251245.51 

2626003.08 

23".  42 

CPT-12 

MP-12D 

251345.60 

_  2625910.43 

21.52 

21.19 

CPT-13 

CPT-13 

251226.39 

2625679.14 

21.48 

CPT-14 

CPT-14 

251127.55 

2625453.57 

21.50 

CPT-15 

MP-15S 

250940.56 

2625127.05 

20.81 

20.70 

CPT-16 

MP-16S 

251090.08 

2625328.50 

21.18 

20.97 

CPT-17 

MP-17S 

250630.71 

2625954.04 

22.26 

CPT-18 

MP-18M 

250602.87 

2625814.41 

2?.89 

22.79 

CPT-19 

MP-19S 

250581.29 

2625731.59 

23.07 

23.03 

MP-19M 

250581.68 

2625732.80 

23.08 

22.99 

MP-19D 

250582.07 

2625733.89 

23.10 

. 23.02 

CPT-20 

MP-20S 

250539.40 

2625614.53 

21.83 

21.70 

CPT-21 

MP-21S 

250796.72 

2625331.86 

20.22 

20.17 

CPT-22 

MP-22S 

250680.11 

2625433.08 

19.31 

19.29 

CPT-23 

MP-23S 

250556.31 

2625387.02 

16.99 

16^90  • 

MAP  LOCATION  NAME  OF  OBJECT 


NORTHING 


CPT-24 

MP-24S 

250664.23 

2626096.48 

21.84 

21.80 

CPT-25 

CPT-25 

250724.00 

2625866.66 

22.42 

CPT-26 

CPT-26 

250656.69 

2625627.89 

20.55 

CPT-27 

MP-27M 

250493.29 

2625259.34 

19.89 

19.90 

CPT-28 

MP-28M 

250444.65 

2625402.37 

19.78 

19.70 

CPT-29 

CPT-29 

250938.28 

2625380.63 

22.50 

CPT-30 


CPT-31 


CPT-32 

CPT-33 

CPT-34 


CPT-35 


CPT-36 

CPT-37 
MW— 01 


MW— 03 


MW— 04 
MW— 05 
MW— 06 


MP-30S 


MP-31D 


MP-32D 

MP-33D 

MP-34S 


MP-35D" 


MP— 365 
MP-36D 
CPT-37 


251025.12 


2625815.50 


51031.68 


251177.87 


250419.57 

250339.47 


250340.57 

250148.25 


250696.25 

250695.62 

251121.02 


251323.89 


2625675.99 


2625951.92 


2625936.30 


2625618.48 


2625620.77 

2625525.53 


2625743.92 

2625742.64 

2625877.52 


2626079.67 


250921.43 


251037,07 

251191.26 

250591.99 


250568.45 


2625436.55 


2625687.9? 

2625950.52 

2625810.65 


22.05 


20.48 


19.11 


19.11 

20.39 


20.98 


20.97 

23.62 

22.58 


22.33 


23.28 

22.95 

22.99 


3 


21.83 


20.39 


18.95 


18.91 


20.26 


20.79 


20.78 


24.62 


24.42 


25.64 

24.93 

24.98 


MAP  LOCATION 


MW-08 

MW-09 


MW- 11 
MW— 33 
MW— 34 


MW— 35 
MW- 36 


MW- 44 
CB— 522 


CB-522 
CB-522 
CB-523 
CB— 523 
CB-523 


CB-521 

CB-521 

SS-1 

SS-2 

SS-3 


SS-5 

SS-6 


SB-MW-1 


NAME  OF  OBJECT 


NORTHING 


250486.05 

250439.45 


EASTING 


2625790.08 

2625435.55 


COR. 


COR. 

COR. 

COR. 

COR. 

COR. 


C 


COR. 

COR. 


BLDG. 


BLDG- 

BLDG. 

BLDG. 

BLDG. 

BLDG. 


BLDG. 


BLDG. 

BLDG. 


250568.27 

251026.79 

250915.70 

250922.19 
250773.02 

250917.20 
251100.35 

251071.48 
251087.86 

250947.13 
250938.03 

250982.49 

250734.14 


250740.84 

250755.43 

250708.54 

250594.39 

250573.61 


250503.60 

250545.88 


251319.87 


2625637.04 

2625969.00 

2625947.66 

2625876.25 

2625937.65 

2625881.35 

2625772.99 

2625706.07 

2625698.88 

2625443.79 


2625421.55 

2625403.44 

2626100.12 


2626116.79 
2626091.87 
2626551.40 

2626015.79 
2625898.07 


M«w;wjwa 


2625629. 15 
2625350.03 


2 


GS 


20.52 


22.87 

21.95 

22.16 

21.16 

20.42 

20.81 


13.48 
13.69 
"  “8 


13.27 

13.00 

22.41 


23. 


.70 


22.68 


25.47 

23.97 

24.11 

22.90 

22.31 

22.64 
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Aquifer  Slug  Test  Data  Sheet 


r  1 

L  A 


Location  POL  Vc^l _  Client:  AFCEE _  Well  No.  (VU^-Ql 

Job  No.  722450.22020 _  Field  Scientist  R;tl  Date  CM  />7  79  5 

Water  Level  5.^  1 _  Total  Well  Depth _ 1  2  3 _ 

Measuring  Datum  TOC _  Elevation  of  Datum _ _ 

Weather  uoa  r*\  Temp _ _ _ 

Comments _ _ _ _ _ 


m:\forms\slug.doc  1/5/95 


Time  (min) 


LH 

cr 

LU 

1- 

LU 

Q 

O 

<  ; 

X 

cr  E 

LU  \— 

<  - 

cl  Lu 

cr  £ 

>“  2 

H  LU  U 

Q  “3  *- 

-7  V  l—  I 

•d  o  1  — 1 

W  £  m 

a  ai  O  -  <  lu 

1 —  a  cd 

UJ  c  —  cn  Q  $: 

<  a  lt> 

LL  ~  ^  2 

2  a  - 

—  cD«l-p- 

D  °  j  *  (/)  '  in  ' 

(—  II  II 

OcOguj^m| 

LD  o 

<  D  1/1  CD  1 —  o  o  2 

LU  v  >* 

Time  (min) 


ime  (min) 


i  me  (min) 


ime  (min) 


Aquifer  Slug  Test  Data  Sheet 


Location  POL  Yard i _  Client:  AFCEE _  Well  No.  00  VaJ  -Q7 

Job  No.  722450.22020 _  Field  Scientist  Rill  Oxford  Date  Ol  /\~7  A?5 

Water  Level  6.58 _  Total  Well  Depth _ /$.  2 5 _ 

Measuring  Datum  "TOC _  Elevation  of  Datum  _ 

Weather  Siaa^vu  ^  _  Temp _ 

Comments _ _ _ 


m:\forms\slug.doc  1/5/95 


Time 


ime  (min) 


Time  (min) 
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Enclosed  are  Myrtle  Beach  AFB  sample  analyses  for  the  January  1995  site  characterization  study. 
Analytical  parameters  completed  are  as  follows: 

WATER 

Alkalinity 
Ammonia 
Chloride 
Conductivity 
Dissolved  methane 
Dissolved  oxygen 
Ferrous  iron 
Free  carbon  dioxide 
Metals 

Nitrate  +  Nitrite 
CORES 

Combustible  gas  Total  petroleum  hydrocarbons 

Dehydrogenase  activity  Total  organic  carbon 

Moisture 


pH 

Purgeable  aromatic  hydrocarbons 

Redox  potential 

Sulfate 

Sulfides 

Temperature 

Total  organic  carbon 

Volatile  fatty  acids 


BACK  LOGGED 

Free  product  analysis  by  GC/mass  spec.  ?  .  j  Mcwy  z6f  m  5 

Cores  for  purgeable  aromatic  hydrocarbons.  3 


MMMjj] 


FEB  2  4  1995 

OC5^C5Drar 


MAIM*! 

Timm 


Ref:  95-MBl/vg 
January  27,  1995 


Dr.  Dort  Kaxnpbell 

R.S.  Kerr  Environmental  Research  Lab 
U.S.  Environmental  Protection  Agency 


P.O.  Box  1198 
Ada,  Ok.  74820 

.  ^4 

THRU:  S.A.  Vandegnft  S 


Dear  Don: 


The  fuel  carbon  extractions  of  the  Myrtle  Beach  AFB  core 
samples,  as  requested  by  Service  Request  #SF-1-107,  havfe  been 
completed.  The  samples  were  shaken  for  30  minutes  using  a  wrist 
action  shaker  and  when  necessary  sonicated  for  one  minute  prior  to 
the  extraction  procedure.  The  method  used  was  "RSKSOP— 72" 
(modification  1) .  A  total  of  14  samples  and  1  method  blank  were 
delivered  to  Mr.  Dave  Kovacs  on  January  18,  1995  for  GC\MS 
analysis.  Please  see  attached  for  the  %  moisture  determinations 
(dry  weight  basis) . 

If  you  have  any  questions  concerning  the  preparation  of  these 
extracts,  please  see  me  at  your  convenience. 


Sincerely, 

Q- 


Mark  A. 


Blankenship 


xc: 


R.L. 

J.L. 


Cosby 

Seeley 


ManTech  Environmental  Research  Services  Corporation 


R.S.  Kerr  Environmental  Research  Laboratory,  RO.  Box  1 198, 919  Kerr  Research  Drive 
Ada,  Oklahoma  74821-1 198  405-436-8660  FAX  405-436-8501 


r  i 


%  Moisture  Determinations 
Dry  Wt.  Basis 


Sample 

Tare 

Tare-Wet 

Tare-Dry 

%  Moisture 

SS1-1/ 

49.88 

67.71 

63.05 

35.3% 

SS2-1' 

29.28 

39.72 

37.15 

32.6% 

SS3-1' 

29.18 

41.67 

39.28 

23.6% 

SS4-1' 

29.92 

46.41 

42.66 

29.4% 

SS5-1" 

28.42 

36.87 

32.07 

27.1% 

SS6-1' 

30.18 

39.67 

37.88 

23.2% 

CPT5-7 

30.46 

38.11 

36.39 

29.0% 

CPT6-1 

28.63 

41.83 

39.38 

22.8% 

CPT19-10.5/ 

29.97 

43.02 

40.47 

24.3% 

CPT30-1 .5/ 

28.82 

36.26 

35.59 

10.0% 

CPT31-6  ' 

50.55 

56.77 

55.13 

35.8% 

CPT32-3' 

50.02 

57.45 

55.81 

28.3% 

CPT34-9.5' 

50.51 

60.63 

58.32 

29.6% 

MW01-1/ 

46.17 

60.20 

57.66 

22.1% 

MAmmmi 

TECHmOltiW 


Ref:  95-LP12/vg 

95-TH13/vg 


January  24,  1995 


Dr.  Don  Kampbell 

R.S.  Kerr  Environmental  Research  Lab 
U.S.  Environmental  Protection  Agency 
P.0.  Box  1198 
Ada,  OK  74820 

THRU:  S.A.  Vandegrift^^ 

Dear  Don: 

Attached  are  inorganic  results  for  three  sets  of  samples  from 
Myrtle  Beach,  NC  submitted  to  MERSC  January  12,  17,  and  18  as  a 
part  of  Service  Request  #SF-1-107.  THe  samples  were  analyzed  on 
the  day  after  receipt  using  EPA  Methods  353.1  and  350.1  and  Waters 
capillary  electrophoresis  Method  N-601. 

Blanks,  spikes,  duplicates,  and  known  AQC  samples  were 
analyzed  along  with  your  samples  for  quality  control.  If  you  have 
any  questions  concerning  this  data,  please  feel  free  to  contact 
either  of  us. 


Sincerely, 


xc:  R.L. 
J.L. 


Cosby 

Seeley 


ManTech  Environmental  Research  Services  Corporation 


R.S.  Kerr  Environmental  Research  Laboratory,  P.0.  Box  1 198, 919  Kerr  Research  Drive 
Ada,  Oklahoma  74821-1 198  405-436-8660  FAX  405436-8501 


Sample 

mg/L 

Cl' 

mg/L 

so4= 

mg/L 

NO\+NO',(N) 

mg/L 

NH; 

MW- 01 

12.2 

31.9 

0.15 

0.20 

MW- 6 

10.3 

.63 

0.08 

0.08 

MW- 07 

17.7 

38.6 

0.08 

<.05 

MW- 8 

20.0 

8.14 

1.36 

6.13 

MW- 10 

14.2 

28.2 

0.08 

0.08 

MW-11  ' 

19.3 

7.74 

0.08 

1.27 

MW- 11  Dup 

18.5 

7.67 

— 

— - 

/^Gj-33 

GM-34 

4.21 

5.58 

0.11 

<.05 

9.05 

11.4 

0.08 

<.05 

GM-34  Dup 

— 

— 

0.08 

<•05 

GM-35 

5.10 

3.18 

0.08 

0.06 

GM-3  6 

18.7 

5.57 

0.08 

0.88 

GM-44 

19.9 

<.5 

0.11 

0.20 

GM-44  Dup 

19.7 

<.5 

— 

— 

MP-1^5S 

30.2 

9.02 

<.05 

<.05 

MP-3^50 

22.7 

3.85 

<.05 

<.05 

MP-8S 

17.2 

4.19 

<.05 

0.16 

MP-10S 

24.3 

4.11 

<.05 

0.07 

MP-12D 

22.2 

<.5 

<.05 

<.05 

MP-16S 

6.89 

2.32 

<.05 

<.05 

MP-17S 

8.63 

10.0 

0.14 

<.05 

MP-17S  Dup 

— 

— 

0.14 

<.05 

MP-18M 

17.3 

<•5 

<.05 

0.19 

MP-19D 

38.3 

<.5 

<.05 

0.10 

MP-19D  Dup 

37.7 

<.5 

— 

— 

MP-19M 

17.8 

<.5 

<.05 

0.12 

MP-19S 

11.2 

<.5 

<.05 

<.05 

MP-205 

11.4 

6.44 

<.05 

<.05 

MP-21S 

5.02 

6.51 

<.05 

<.05 

MP-2lSDup 

— 

— 

<.05 

<.05 

MP-22S 

5.46 

4.27 

<.05 

<.05 

MP-22sDup 

5.57 

4.28 

— 

— 

MP-23S 

15.5 

4.41 

<.05 

0.06 

MP-24S 

41.6 

61.5 

<.05 

<.05 

MP-27M 

13.4 

8.67 

<.05 

<.05 

MP-28M 

29.9 

7.84 

<.05 

<.05 

MP-30D  0 

21.6 

<•5 

<.05 

0.06 

MP-3^0 

MP-3/S  Dup 

9.58 

<.5 

<.05 

0.31 

— 

— 

<.05 

— 

MP-31D 

23.4 

<.5 

<.05 

0.11 

MP-32D 

24.1 

79.7 

<.05 

0.08 

MP-34S 

60.9 

84.1 

<.05 

<.05 

MP-34S  Dup 

61.0 

83.9 

— 

— 

MP-34D 

26.5 

8.03 

<.05 

<.05 

MP-34D  Dup 

— 

— 

<.05 

<-05 

MW- 2 

17.6 

8.74 

<•05 

<.05 

MW- 3 

6.68 

4.28 

<.05 

1.30 

MW-4 

21.3 

42.0 

<.05 

<.05 

MW-5 

46.0 

<.5 

<.05 

<.05 

MW-5  Dup 

45.7 

<.5 

— 

— 

MW-9 

7.95 

25.7 

in 

o 

V 

in 

o 

• 

V 

mg/L 

Sample 

Cl" 

MW- 4  9 

15.0 

MW- 50 

27.8 

f MOW- 01 

20.8 

MOW- 02 

27.9 

MOW- 03 

10.9 

MOW- 04' 

21.5 

,  MOW- 04  Dup 

— 

MOO/^  /  MOW- 05 

18.2 

MOW-111 

17.9 

MOW-111  Dup 

18.0 

MOW-112 

16.0 

MOW-113 

66.7 

MOC-02 

27.8 

*  .  . 

i  MOV-Ol-3 

13.8 

GP-1D 

9.40 

GP-1D  Dup 

9.46 

GP-2S 

8.83 

GP-2S  Dup 

— 

MP-33D 

54.5 

MP-36D 

37.9 

MP-36S 

6.34 

i 

f MOC-03 

22.0 

I 

MOC-04 

23.4 

)  MOC-04  Dup 

— 

M0&aS  ( 

'  MOC-05 

28.8 

r  1 

MOC-07 

27.6 

MOC-08 

10.8 

MOC-08  Dup 

10.9 

Lmoc-ii 

26.1 

GP-3D 

9 . 63 

GP-3S 

No 

Sampl 

GP-1S 

No 

Sampl 

GP-1S  Dup 

— 

' Blank 

<.5 

Blank 

<.5 

Blank 

<.5 

QOAtnY/ 

WP032  II 

107 

WP032  II 

108 

5/yMP^5 

WP032  II 

107 

Spike  Rec. 

100% 

Spike  Rec. 

100% 

Spike  Rec. 

98% 

WP032  T.V. 

106 

mg/L 

mg/L 

mg/L 

so^ 

NO\+NO\(N) 

NHj_ 

7.27 

<•05 

<.05 

2.50 

<.05 

<.05 

26.9 

<.  05 

<.05 

31.0 

<.05 

<.05 

27.7 

<.05 

<.05 

60.3 

<.05 

<.05 

- - 

<.05 

— 

10.7 

<.05 

<.05 

44.7 

<.05 

<.05 

44.7 

— 

— 

10.2 

<.05 

in 

o 

• 

V 

20.4 

<.05 

0.44 

33.2 

<.05 

<.05 

1.87 

No  Sample  No 

Sample 

<.5 

<.05 

<.05 

<.5 

— 

— 

<.5 

<.05 

0.07 

— 

<.05 

0.08 

<.5 

<.05 

<.05 

<.5 

0.09 

<.05 

1.91 

<.05 

<.05 

33.9 

<.05 

<.05 

31.8 

<.05 

<.05 

— 

<.05 

<.05 

<.5 

0.08 

<•05 

31.6 

0.07 

<.05 

51.0 

0.07 

<.05 

50.5 

— 

— 

16.7 

0.08 

<•05 

<.5 

0.07 

<.05 

No  Sample 

0.15 

3.15 

No  Sample 

<.05 

<.05 

— 

<.05 

<.05 

<.5 

<.05 

<.05 

<.5 

<.05 

<.05 

<.5 

<.05 

<.05 

72.5 

2.58 

2.11 

74.8 

2.59 

2.10 

72.8 

2.69 

2.12 

102% 

99% 

102% 

100% 

99% 

99% 

99% 

100% 

100% 

75.0 

2.81 

2.30 

mm 
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Ref : 


95-JH10/vg 


February  1,  1995 


Dr.  Don'  Kampbell 

R.S.  Kerr  Environmental  Research  Lab 
U.S.  Environmental  Protection  Agency 
P.0.  Box  1198 
Ada,  OK  74820 

{THRU:  S.A.  Vandegrift  "5^ 

Dear  Don: 

Attached  are  TIC  and  TOC  results  for  a  set  of  64  water  samples 
received  between  the  dates  of  January  18,  1995  and  January  31,  1995 
under  Service  Request  #SF— 1-107  Mod.  02.  TIC  and  TOC 

determinations  were  begun  January  19,  1995  and  completed  January 
31,  1995  using  RSKSOP-102. 

A  known  AQC  sample  was  analyzed  with  your  samples  for  quality 
control.  The  samples  indicated  with  "*"  were  acid  fixed  with  cone. 
^LPOa,  from  the  inorganic  samples  provided,  for  TOC  analyses.  If 
mon  have  any  questions  concerning  this  data,  please  feel  free  to 
Contact  me. 


Sincerely, 

o — 

Jeff  Hickerson 


xc:  R.L.  Cosby  a 
J.L.  Seeley  it 


ManTech  Environmental  Research  Services  Corporation 


R.S.  Kerr  Environmental  Research  Laboratory,  P.0.  Box  1 198, 919  KerT  Research  Drive 
Ada,  Oklahoma  74821-1 198  405-436-8660  FAX  405-436-8501 


MYRTLE  BEACH  WATER  SAMPLES  FOR  TIC  £  TOC  (SR#  SF  1  107  MOD  02) 


r  1 

L  A 


TRUE  VALUE:  WP032-II  -  9.60  MG/L  TOC 


mssm 
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Ref:  95-BN5/vg 

February  1,  1995 


Dr.  Don  Kampbell  ‘  . 

R.S.  -  Kerr-Environmental. ..Research  Lab 
U .  S .  Environmental  Protection  Agency 
P.0.  Box. 1198 

Ada,  OK  -74820  .  /.^; 


THRU: 


SvA. 


Dear  Don: : . 


* 


.£ 1  ^*^irid|^ttacbed /  result%j£or;pethane  and  ethylene  on  Myrtle  Beach 
samples .^a&^jperS' ’Service iRequest!  #SF-1-107  Mod.  "2 .  ■■  Samples  were 
receivedv-oh  1/12 ,  1/17,  and  1/18/95  and  analyzed  on  1/17,  1/23, 
1/2 4  /  . . arid' f 1/ 26/95.-  Analysis  .  of  was  performed  as  per  RSKSOP-147. 
Samples  iwere  prepared. and  calculations  were  done  as  per  RSKSOP-175 

. V;:'  : If  ^bu "‘have  any  questions ,  please  feel  free  to  see  me.  ‘ 


*.r\" ’• 


xc :  R. L. >  Cosby 
J.L.  Seeley 


Sincerely, 

Bryan  Newell 


■-zisy 


•  .*  ^/v£*  -y.^;  ‘.  '*"•  '  y‘ 

.  -*  *  .'«*.■  W  .  .  -**  ; 
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SF-1-107  DATA 


NALYZED  1/17/95 
1  SAMPLE 


METHANE  ETHYLENE 


LAB  BLANK 

BLQ 

ND 

MW-01 

0.090 

ND  . 

MW-06 

5.440 

ND 

MW-07 

0.018 

ND 

MW-08 

1.472 

ND 

MW- 10 

1.286 

ND 

MW-11 

3.018 

ND 

CO  ^ 

CO  CO 

(Jo 

0.002 

ND 

0.093 

ND 

ANALYZED  1/23/95 

SAMPLE 

METHANE 

ETHYLENE 

LAB  BLANK 

BLQ 

ND 

GM-35 

1.504 

ND 

GM-36 

1.325 

ND 

"  FIELD  DUP 

1.266 

ND 

GM-44 

1.192 

ND 

MP-1^5S 

0.766 

ND 

MP-3$5S 

0.137 

ND 

MP-8S 

4.734 

ND 

MP-10S 

2.103 

ND 

^  MP-12D 

1.156 

ND 

J  MP-16S 

0.037 

ND 

MP-18M 

1.872 

ND 

MP-19D 

1.746 

ND 

MP-19M 

1.474 

ND 

•  LAB  DUP 

1.379 

ND 

MP-19S 

5.363 

ND 

MP-20S 

0.295 

ND 

MP-21 S 

0.305 

ND 

MP-22S 

0.400 

ND 

MP-23S 

0.183 

ND 

MP-245 

0.001 

ND 

ANALYZED  1/24/95 

SAMPLE 

METHANE 

ETHYLENE 

LAB  BLANK 

BLQ 

ND 

MP-27M 

0.162 

ND 

MP-28M 

0.208 

ND 

MP-30D 

1.226 

ND 

MP-31D 

1.405 

ND 

MP-3^S~° 

17.127 

ND 

MP-32D 

0.744 

ND 

"  LAB  DUP 

0.697 

ND 

^  MP-34D 

0.141 

ND 

W  MW2 

2.062 

0.001 

Page  1 


SF-1-107  DATA 


SAMPLE  METHANE  ETHYLENE 


MW3 

13.991 

ND 

MW4 

14.443 

0.002 

MW5 

6.261 

0.001 

MW9 

0.872 

ND 

MW49 

0.200 

ND 

MW50 

0.232 

ND 

(  MOW-01 

0.472 

ND 

Mt-OA*  1  MOW-02 
'  MOW-03 

0.744 

ND 

1.380 

ND 

L  MOW-04 

0.481 

ND 

"  LAB  DUP 

0.454 

ND 

ANALYZED  1/26/95 

SAMPLE 

METHANE 

ETHYLENE 

LAB  BLANK 

BLQ 

ND 

(  MOW-05 

0.585 

0.001 

w&5)  MOW-111 
)  MOW-112 

0.115 

ND 

1.104 

ND 

MOW-113 

0.842 

ND 

\.MOV-01-3 

3.167 

ND 

GP-1D 

9.120 

ND 

GP-2S 

9.217 

ND 

MP-33D 

0.220 

ND 

MP-36D 

0.461 

ND 

MP-36S 

1.341 

ND 

" LAB  DUP 

1.276 

ND 

STANDARDS 

METHANE 

ETHYLENE 

10  PPM  CH4 

10.55 

ND 

100  PPM  CH4 

103.58 

ND 

990  PPM  CH4 

989.60 

ND 

1  %  CH4 

1.01 

ND 

10  %  CH4 

9.63 

ND 

20  %  CH4 

20.17 

ND 

10  PPM  C2H4 

ND 

10.11 

100  PPM  C2H4 

ND 

.  99.99 

LOWER  LIMITS  OF  QUANTITATION 

METHANE  ETHYLENE 


0.001  0.003 

UNITS  FOR  THE  SAMPLES  ARE  mg/L. 

UNITS  FOR  THE  STANDARDS  CORRESPOND 
TO  THE  UNITS  IN  THE  SAMPLE  COLUMN. 


Page  2 


SF-1-107  DATA 


„Q  DENOTES  BELOW  LIMIT  OF  QUANTITATION. 
DENOTES  NONE  DETECTED. 


MAI Vi 
TECH? I 


Ref:  95-DF6 

January  30,  1995 


Dr.  Don  Kampbell 

R.S.  Kerr  Environmental  Research  Lab 
U.S.  Environmental  Protection  Agency 


p.o.  Box  1198 
Ada,  OK  74820 

THRU:  S.A.  Vandegrift 


Dear  Don: 

As  requested  in  Service  Request  SF-1-98,  GC/MS  analysis  for 
phenols  and  aliphatic/aromatic  acids  was  done  on three  groundwater 
sample  taken  at  Offutt  AFB.  The  samples  were  labelled  FPTA3  MW  3, 
FPTA3  MW- 6  and  MW  349-9.  Liquid-liquid  extractions  which  were  done 
by  Teresa  Leon  began  on  January  24,  1995.  GC/MS  analysis  was 
completed  on  January  25,  1995.  A  SOP  describing  the  extraction, 
derivatization  and  GC/MS  analysis  is  in  preparation. 


Liquid-Liquid  Extraction  of  Phenols - and - Aliphatic  /  Aromatic 

Acids. 

For  the  extraction  of  the  phenols  and  aliphatic/ aromatic  acids 
from  the  water  sample,  100  ml  of  the  water  sample  is  placed  in  a 
dried,  silanized  125  ml  separatory  funnel.  Spike  solutions  if 
applicable  were  added  to  the  sample  at  this  time.  The  pH  of  the 
water  is  adjusted  to  2.0  using  1:1  I^SCV  For  a  water  blank  without 
Na3P04  added,  a  pH  of  2  is  reached  with  ten  drops.  For  100  ml  of 
water  sample  preserved  with  Na3P04,  twenty  drops  of  acid  is 
required.  Next  25  q  of  NaCl  is  added  to  the  separatory  funnel 
after  which  the  liquid  is  swirled  to  dissolve  the  salt. 


The  water  sample  is  extracted  four  times  with  5  ml  aliquots  of 
acid  free  methylene  chloride.  To  remove  acids  from  methylene 
chloride  and  other  solvents,  10  g  of  Celite  Micro-Cel  T-49  is  added 
to  one  liter  of  GC/MS  grade  solvent.  This  mixture  is  stirred  for 
one  hour,  allowed  to  settle  and  is  filtered  through  a  Millipore 
organic  filter  pad  using  Millipore  vacuum  apparatus.  The  methylene 
chloride  extracts  are  collected  in  silanized  40  ml  VOA  vials.  The 
total  extract  volume  is  recorded. 


ManTech  Environmental  Research  Services  Corporation 


R.S.  Kerr  Environmental  Research  Laboratory;  P.O.  Box  1 198, 919  Kerr  Research  Drive 
Ada,  Oklahoma  74821-1198  405*436-8660  FAX  405-436-8501 


rn^nm/Acid  Deriyatigation  to  Form  PFB  Ethers  and  Esters^ 

A  200  ul  aliquot  of  the  methylene  chloride  extract  is 

delivered  to  a  2  ml  screw  cap  vial  containing  2.5  mg  of  drie 
.  Mpyt  790  ul  of  acid  firee  acetonitrile,  10  /-tl 

of  100™.  benzoic  acid-ds  and  10  fU  of  pentafluorobenzyl  bromide 
is  added Pto  the  vial.  Benzoic  acid-d5  is  the  internal  standard  f 
the  analysis.  The  vials  are  momentarily  placed  in  a  sonic  a 
free  tS^solid  salt  from  the  bottom  of  the  vial  The  scree,  caps  of 
the  vials  are  tightened  and  the  vials  are  heated  in  a  oven  ^  ®°  J 
for  2  hours.  When  the  vials  are  removed  from  the  oven,  500  ill  of 
o  1M  Hcl  is  added.  The  vials  are  shaken  for  30  seconds  and  200  ul 
oi  the  top  organic  layer  is  delivered  to  the  liner  of  a  2  ml  crimp 
cap  autosampler  vial, 

Wpnative  ion  Chemical  ionization  GC/MS  Analysis  of  PFB-Derivatives^ 

For  negative  ion  chemical  ionization  GC/MS,  a  chemical 
ionization  ion  volume  is  placed  in  the  ion  source  block  of  the 
Finniqan  4615  GC/MS.  Methane  gas  is  regulated  using  a  needle  valve 
until^the^ionizer  pressure  reaches  0.40  torr  With  \h*  f 

this  pressure,  the  high  vacuum  pressure  indicates  1-0x10  torr. 
The  mass  spectrometer  is  tuned  using  the  calibration  gas,  FC~4 3 ,  to 
obtain  good  peak  shape  for  ions  414  and  633  m/z  and  a  relativ 
intensity  °of  100:14:4  for  ions  633,  414  and  127  m/z.  The  ion 

source  is  heated  at  150 °C.  The  injector  and  transfer  lines  are 

held  at  275°C. 

The  Hewlett  Packard  7673  autoinjector  delivered  0.5  /il  of  the 
sample  or  standard  to  the  GC  injection  port.  A  splitless  infection 
fo/l  minute  was  used  for  the  analysis.  The  analytical  column  was 
a  60  meter,  0.25  mm  J&W  DB5-MS  capillary  column  with  0.25  jimfxlia 
thickness.  The  column  was  temperature  programmed  from  SC  C  to 
100°C  at  30°C/min  and  then  to  300°C  at  6«C/min.  The  helium  linear 
velocity  measured  with  air  was  3  6  cm/s  when  the  oven  temperature 
was  100°C  and  the  helium  head  pressure  on  the  column  was  29  psi. 
The  Finnigan  4615  GC/MS  was  scanned  from  42  to  550  m/z  in  0.5  sec. 

Standard  curves  are  prepared  using  a  mixture  containing 
thirteen  phenols,  twenty-five  aliphatic  acids  and  nineteen  aromatic 
acids.  Calibration  curves  for  acetic  acid  was  not  prepared  due  to 
artefact  levels  of  this  acid  in  solvents.  Denvatization  of  the 
standard  solutions  and  samples  was  done  in  the  same  manner. 
Standards  are  prepared  at  5,  10,  25,  50,  100,  500  and  1000  ppb. 

Quality  assurance  was  maintained  during  the  sample  analysis  oy 
running  check  standards,  derivatization  blanks,  extraction  banks, 
extraction  recovery  check  standards  and  spiked  field  samples. 


2 


Quantitative  Results  of  Phenols  and  Aliphatic /Aromatic  Acids. 


Table  I  provides  the  concentrations  of  phenols  and 
aliphatic/aromatic  acids  found  in  the  three  water  samples  taken  at 
the  Offutt  AFB  site  and  quality  assurance  samples  run  at  the  same 
time  as  the  sample.  The  lowest  reported  value  of  phenol  or  acid  in 
this  table  is  at  or  about  5  ppb.  The  following  compounds  were 
found  in  the  samples  at  concentrations  between  5  and  50  ppb: 
propanoic  acid,  3-methylpentanoic  acid,  phenol,  2-ethylhexanoic 
acid,  benzoic  acid,  p-tolylacetic  acid  and  2 , 4 , 6-trimethylbenzoic 
acid.  Although  butyric  acid  was  found  in  sample  FPTA3  MW-6,  it  was 
also  present  at  comparable  levels  in  the  method  and  derivatization 
blanks . 

Spike  recoveries  for  each  of  the  acids  and  phenols  were 
determined  in  50  ppb  spikes  of  100  ml  of  three  water  blanks. 
Recovery  of  the  50  ppb  concentration  was  poor  for  low  molecular 
weight  aliphatic  acids  due  to  the  poor  extraction  efficiencies  of 
these  acids  from  water.  Higher  molecular  weight  aliphatic  acids 
and  all  the  phenols  and  aromatic  acids  exhibit  good  recoveries. 


If  you.  should  have  any  questions,  please  feel  free  to  contact 

me. 

Sincerely, 

Dennis  D.  Fine 

xc:  J.L.  Seeley  M, 

G.B.  Smith  P 


R.L.  Cosby 


1/ 


3 


• 

2 

3 

4 

5 

6 
7 

a 

9 

10 

11 

12 

13 

14 

15 

16 
17 
16 

19 

20 
21 
22 

23 

24 

25 

26 
27 


32 

33 

34 


35 

36 

37 

38 

39 

40 


41 


42 


43 


45 

46 

47 

48 

49 

50 

51 

52 

53 

54 


55 

56 


Table  I.  Quantitative  Report  and  QC  Data  (or  Phenols  and  Aliphatic  and  Aromatic  Acids 
(or  Service  Request  SF— 1— 98  and  SF— 1  —  107. 


‘CrFOTTAFB,  A/£ 


r 

__  - __ - - 

- - 

-  1 

Concentration  ppb 

Offutt  AFB  OffuttAFB  1  MCuAi> 

FPTA3  FPTA3  Offutt  AFB  Myrtle  Beach  Myrtle  Beach  Myrtle  Beach 

UW-1  MW-e  MW  349-9  MW-6  MW- 1 1  MOW-02 

10  ppb 
Check 
Standard 

100  ppb 
Check 
Standard 

PROPANOIC  ACID  -  PFB 

80  A 

0.4 

6  J 

12.4 

10.6 

9.9 

9.1 

93.0 

2-METHYLPROPANOIC  ACID  -  PFB 

2.3 

0.6 

4.1 

0.7 

0.4 

02 

9.9 

96.5 

TRIMETHYL  ACETIC  ACIO  -  PFB 

2.4 

2.1 

2-1 

2.5  - 

2.5 

2.4 

10.5 

98.0 

BUTYRIC  ACID  -  PFB 

4.6 

\0A 

6.1 

6.9 

4.7 

6.1 

3.0 

99.5 

2- METHYLBUTYRtC  ACID  -  PFB 

0.1 

0.1 

0.1 

0.3 

02 

0.6 

9.9 

103.0 

3-METHYLBUTYRIC  ACID  -  PFB 

1.1 

0.4 

0.4 

0.6 

0.4 

02 

10.6 

103.0 

3.3-DIMETHYLBUTYRIC  ACID  -  PFB 

N.F. 

02 

0.1 

1.8 

12 

N.F. 

10.3 

103.7 

PENTANOIC  ACID  -  PFB 

0.2 

0.6 

0.8 

1.0 

0.6 

0.4 

10.4 

99.8 

2  3-DtMETHYLBUTYRIC  ACID  -  PFB 

0.6 

0.7 

0.7 

3.9 

0.9 

N.F. 

10.3 

103.6 

2-ETHYLBUTYRIC  ACID  -  PFB 

N.F. 

N.F. 

NJF. 

N.F. 

N.F. 

N.F. 

10.3 

103.4 

2- METHYLPENTANOIC  ACID  -  PFB 

N  F. 

N.F. 

1.1 

1.0 

1.0 

N.F. 

10.3 

101.9 

3-METHYIPENTANOIC  ACID  -  PFB 

SHA 

N.F. 

11.7 

02 

10.6 

N.F. 

9.6 

100.4 

4- METHYLPENTANOIC  ACID  -  PFB 

N.F. 

N.F. 

N  JF. 

N.F. 

N.F. 

N.F. 

9.7 

97.3 

HEXANOIC  ACID  -  PFB 

1.5 

1.8 

3.0 

3.5 

3.5 

1.7 

10.1 

99.6 

2-METHYLHEXANOIC  ACID  -  PFB 

N.F. 

N.F. 

N.F. 

N.F. 

N.F. 

N.F. 

9.6 

99.0 

PHENOL  -  PFB 

0.7 

1 JS 

&5 

27.1 

38.8 

1.1 

9.6 

962 

CYCLOPENTANECARBOXYUC  ACID  -  PFB 

N.F. 

N.F. 

0.2 

0.9 

N.F. 

N.F. 

10.5 

97.7 

5-METHYLHEXANOIC  ACID  -  PFB 

0.4 

0.5 

0.1 

0.4 

0.4 

0.4 

102 

93.7 

o-CRESOL  -  PFB 

0.9 

N.F. 

N.F. 

1.0 

1.1 

N.F. 

10.0 

1042 

2-  ETHYLHEXANOIC  ACID  -  PFB 

N.F. 

2.1 

ax5 

9.1 

14.6 

0.1 

02 

102.5 

HEPTANOIC  ACID  -  PFB 

0.7 

0.5 

0.1 

0.0 

02 

0.4 

63 

95.3 

m-CRESOL  -  PFB 

N.F. 

N.F. 

N.F. 

1.1 

1.0 

N.F. 

10.0 

102.5 

p-CRESOL-  PFB 

N.F. 

N.F. 

N.F. 

1 2 

12 

12 

8.9 

102.6 

1  -  CYC  LOPE  NTH  NE  —  1  — CARBOXYLIC  ACID  -  PFB 

N.F. 

N.F. 

N.F. 

H.F. 

N.F. 

N.F. 

9.3 

97.7 

o-ETHYLPHENOL-  PFB 

N.F. 

N.F. 

NP. 

12 

22 

N.F. 

9.7 

102.7 

CYC  LOP  E  NTANEAC  ETIC  ACID  -  PFB 

N.F. 

N.F. 

N.F. 

1.7 

0.5 

N.F. 

9.5 

98.1 

2,6— DIMETHYLPHENOL  -  PFB 

N.F. 

N.F. 

N.F. 

1.6 

72 

N.F. 

10.0 

98.9 

2,5- DIMETHYLPHENOL  -  PFB 

N.F. 

N.F. 

N.F. 

2.1 

6.9 

N.F. 

10.4 

108.6 

CYCLOHEXANECARBOXYUC  ACID  -  PFB 

N.F. 

0.6 

N.F. 

0.3 

N.F. 

N.F. 

9.1 

99  4 

3 -CYCLOHEXENE- 1  -CARBOXYUC  ACID  -  PFB 

N.F. 

N.F. 

N.F. 

N.F. 

N.F. 

N.F. 

9.6 

99.6 

2,4- DIMETHYLPHENOL  -  PFB 

N.F. 

N.F. 

N.F. 

2.7 

7.8 

N.F. 

9.9 

103.4 

3,5- DIMETHYLPHENOL  &  M -ETHYLPHENOL  -  PFB 

N.F. 

N.F. 

N.F. 

3.9 

13.9 

N.F. 

20.0 

416.0 

OCTANOIC  ACID  -  PFB 

02 

0.5 

0.8 

0.6 

0.3 

0.5 

9.0 

95.8 

2.3- DIMETHYLPHENOL  -  PFB 

N.F. 

N.F. 

N.F. 

22 

1.9 

N.F. 

9.4 

98.4 

p-ETHYLPHENOL- PFB 

N.F. 

N.F. 

HJF. 

3.3 

N.F. 

N.F. 

10.3 

102.9 

BENZOIC  ACID  -  PFB 

1.9 

1.4 

16  J 

4.9 

6.3 

0.6 

8.6 

101.4 

3,4- DIMETHYLPHENOL  -  PFB 

N.F. 

N.F. 

N.F. 

1.5 

1.8 

N.F. 

9.8 

103.8 

m  -  METHYLBENZOIC  ACID  -  PFB 

N.F. 

N.F. 

N.F. 

2.9 

6.2 

N.F. 

9.3 

96.6 

1 -CYCLOHEXENE- 1 -CARBOXYUC  ACID  -  PFB 

N.F. 

N.F. 

N.F. 

N.F. 

N.F. 

N.F. 

9.1 

96.7 

CYCLOHEXANEACETIC  ACID  -  PFB 

N.F. 

N.F. 

N.F. 

0.7 

N.F. 

N.F. 

9.4 

99.0 

2-PHENYLPROPANOIC  ACID  -  PFB 

N.F. 

N.F. 

N.F. 

0.7 

12 

N.F. 

8.8 

96.7 

o- METHYLBENZOIC  ACID  -  PFB 

0.5 

N.F. 

N.F. 

1.6 

N.F. 

N.F. 

9.0 

99.3 

PHENYLACETC  ACID  -  PFB 

02 

0.4 

02 

0.6 

0.4 

0.1 

8.6 

96.1 

m -TOLYLACETIC  ACID  -  PFB 

N.F. 

N.F. 

HJF. 

1 8-3 

18.5 

N.F. 

82 

90.5 

o-TOLYLACETIC  ACID  -  PFB 

N.F. 

N.F. 

N.F. 

52 

112 

N.F. 

6.1 

702 

2.6 -Dl METHYLBENZOIC  ACID  -  PFB 

N.F. 

N.F. 

N.F. 

2.9 

2.8 

N.F. 

9.9 

106.6 

p -TOLYLACETIC  ACIO  -  PFB 

N.F. 

*5J5 

NJ=. 

17.3 

24.5 

N.F. 

9.5 

101.7 

p- METHYLBENZOIC  ACID  -  PFB 

N.F. 

0.7 

N.F. 

0.9 

N.F. 

N.F. 

9.0 

94.9 

3— PHENYLPROPANOIC  ACID  -  PFB 

N.F. 

N.F. 

HJF. 

N.F. 

N.F. 

N.F. 

82 

98.1 

2.5— DIMETHYLBENZOIC  ACIO  -  PFB 

N.F. 

0.5 

N.F. 

7.3 

9.0 

N.F. 

8.6 

102.4 

DECANOIC  ACIO  -  PFB 

3.3 

0.1 

0.4 

0.1 

0.2 

0.1 

8.6 

959 

2.4- DIMETHYLBENZOIC  ACIO  -  PFB 

N.F. 

N.F. 

N.F. 

19.6 

16.3 

N.F. 

8.4 

93.8 

3.5- DIMETHYLBENZOIC  ACID  -  PFB 

N.F. 

N.F. 

N.F. 

6.9 

12.4 

N.F. 

6.4 

99.0 

2.3- DIMETHYLBENZOIC  ACID  -  PFB 

N.F. 

N.F. 

N.F. 

4.0 

9.7 

N.F. 

6.9 

95.0 

4-ETHYLBENZOIC  ACIO  -  PFB 

N.F. 

N.F. 

N.F. 

N.F. 

N.F. 

N.F. 

8.5 

932 

2.4.6 -TRIMETHYLBENZOIC  ACID  -  PFB 

0.7 

22.1 

N.F. 

5.7 

7.2 

N.F. 

88 

102.1 

3,4-DIMETHYLBENZOIC  ACID  -  PFB 

N.F. 

N.F. 

N.F. 

10.7 

10.6 

N.F. 

88 

96.1 

2,4,5 -TRIMETHYLBENZOIC  ACID  -  PFB 

N.F. 

N.F. 

N.F. 

112 

132 

N.F. 

8.3 

97.6 

PROPANOIC  ACID  -  PFB 
2-METHYLPROPANOIC  ACID  -  PFB 
TRIMETHYL  ACETIC  ACID  -  PFB 
BUTYRIC  ACID  -  PFB 
2— METHYLBUTYRIC  ACID  -  PFB 

6  3- METHYLBUTYRIC  ACID  -  PFB 

7  3,3— DIMETHYUBUTYRIC  ACID  -  PFB 
0  PENTANOIC  ACID  -  PFB 

9  2,3- DIMETHYUBUTYRIC  ACID  -  PFB 

10  2-ETHYLBUTYRIC  ACID  -  PFB 

1 1  2— METHYLPENTANOIC  ACID  -  PFB 

12  3- METHYLPENTANOIC  ACID  -  PFB 

13  4- METHYLPENTANOIC  ACID  -  PFB 

14  HEXANOIC  ACID  -  PFB 

15  2-METHYLHEXANOIC  ACID  -  PFB 
JB-.  PHENOL  -  PFB 

17  CYCLOPENTANECARBOXYUC  AGIO  -  PFB 

18  5-METHYLHEXANOtC  ACID  -  PFB 

19  o— CRESOL  —  PFB 

20  2-ETHYLHEXANOIC  ACID  -  PFB 

21  HEPTANOIC  ACID  -  PFB 

22  m -CRESOL  —  PFB 

23  p-CRESOL  -  PFB 

24  1  -CYCLOPENTENE- 1  —CARBOXYLIC  ACID  -  PFB 

25  o-ETHYLPHENOL  -  PFB 

26  CYCLOPENTANEACET1C  ACID  -  PFB 

27  2,6— DIMETHYLPHENOL  -  PFB 
26  22-DIMETHYLPHENOL  -  PFB 

29  CYCLOHEXANECAR0OXYUC  ACID  -  PFB 

30  3-CYCLOHEXENE  - 1  -CARBOXYLIC  ACID  -  PFB 

31  2,4- DIMETHYLPHENOL  -  PFB 

32  3,5- DIMETHYLPHENOL  &  M-ETHYLPHENOL  -  PFB 

33  OCTANOIC  ACID  -  PFB 

34  2,3— DIMETHYLPHENOL  -  PFB 

35  p-ETHYLPHENOL- PFB 

36  BENZOIC  ACIO  -  PFB 

37  3,4- DIMETHYLPHENOL  -  PFB 

38  m-METHYLBENZOIC  ACIO  -  PFB 

39  1  -CYCLOHEXENE- 1 -CARBOXYLIC  ACID  -  PFB 

40  CYCLOHEXANEACETTC  ACID  -  PFB 

41  2-PHENYLPROPANOIC  ACID  -  PFB 

42  o-METHYLBENZOIC  ACID  -  PFB 

43  PHENYLACETC  ACID  -  PFB 

44  m  -  TOLY  LAC  ET1C  ACID  -  PFB 

45  o— TOLYLACETiC  ACID  -  PFB 

46  2,6-DIMETHYLBENZOIC  ACID  -  PFB 

47  p -TOLYLACETIC  ACID  -  PFB 

48  p-METHYLBENZaC  ACID  -  PFB 

49  3— PHENYLPROPANOIC  ACIO  -  PFB 

50  2,5-  DIMETHYLBENZOIC  ACIO  -  PFB 

51  DECANOIC  ACIO  -  PFB 


Table  l.{Cont‘d)  Quantitative  Report  and  QC  Data  lor  Phenol*  and  Aliphatic  and  Aromatic  Acids 
for  Service  Request  SF-  1-98  and  SF-1  -107. 

Concentration  ppb 

100  ppb 
Check 
Standard 

500  ppb 
Check 
Standard 

Method 

Blank 

Derivative 

Blank 

Recovery  of 
50ppb  Spiked 
in  100ml  water 

Recovery  of 
50ppb  Spiked 
in  100ml  water 

Recovery  of  a 

SOppb  Spiked  M 

In  100ml  water  H 

109. 1 

434.8 

1.4 

•2 

5.5 

52 

5.3  " 

110.7 

464.0 

02 

32 

19.0 

162 

17.8 

111.9 

515.4 

1.6 

02 

512 

502 

47.3 

112.8 

491 .5 

<10.4 

23  JO 

8.1 

7.6 

62 

113.0 

528.1 

0.4 

0.5 

46.6 

45.1 

42.4 

113.1 

502.0 

02 

02 

45.6 

44.1 

42.0 

111.7 

521.0 

0.1 

N.F. 

62.0 

60.0 

57.6 

111.3 

554.3 

2.7 

02 

50.8 

492 

472 

111.4 

548.6 

N.F. 

N.F. 

62.7 

60.7 

57.1 

110.4 

530.7 

•  N.F. 

N.F. 

62.6 

60.6 

56.1 

111.5 

537.5 

1  jO 

N.F. 

632 

61.1 

59.3 

109.6 

552.8 

02 

N.F. 

61.7 

59.7 

63.7 

106.2 

559.8 

0.7 

N.F. 

612 

592 

582 

108.8 

555.9 

«- 

12 

682 

66.1 

67.0 

107.4 

566.2 

N.F. 

N.F. 

64.6 

625 

61.7 

90.9 

496.1 

1.1 

0.8 

502 

48.6 

49.0 

103.5 

460.7 

NjF. 

N.F. 

48.4 

462 

46.0 

101.7 

459.1 

02 

N.F. 

59.4 

572 

56.8 

110.7 

541.8 

N.F. 

N.F. 

642 

62.1 

56.6 

109.5 

562.7 

4.0 

02 

1252 

121.1 

116.6 

103.9 

544.7 

4.1 

0.5 

64.6 

62.5 

63.1 

110.3 

564.3 

N.F. 

N.F. 

632 

612 

57.8 

110.4 

542.6 

N.F. 

N.F. 

60.7 

58.7 

57.4 

105.1 

540.8 

0.4 

N.F. 

46.6 

45.1 

44.6 

108.7 

611.1 

N.F. 

N.F. 

62.7 

60.7 

57.3 

105.0 

539.6 

N.F. 

N.F. 

58.7 

56.8 

54.8 

109.3 

718.4 

N.F. 

N.F. 

50.4 

48.8 

45.7 

113.4 

563.8 

UJr. 

N.F. 

582 

562 

106.1 

549.4 

N.F. 

N.F. 

59.6 

57.7 

56.4  M 

105.0 

538.0 

02 

N.F. 

54.1 

52.4 

522  ™ 

111.3 

672.4 

N.F. 

N.F. 

42.1 

40.7 

37.4 

219.0 

1132.8 

N.F. 

N.F. 

125.7 

121.6 

116.8 

108.4 

549.4 

62 

0.1 

66.5 

662 

67.6 

108.4 

625.3 

N.F. 

N.F. 

602 

582 

532 

112.1 

651.6 

N-F. 

N.F. 

592 

57.4 

54.8 

109.9 

530.1 

5.1 

1.1 

74.7 

72.3 

68.1 

110.4 

625.3 

N.F. 

N.F. 

59.6 

57.7 

53.5 

103.1 

496.6 

NT. 

N.F. 

51.8 

50.1 

49.3 

102.6 

531.4 

N.F. 

N.F. 

56.7 

54.9 

53.4 

104.7 

548.8 

N.F. 

N.F. 

59.3 

57.4 

57.2 

103.4 

547.4 

NJ=. 

N.F. 

60.6 

58.7 

58.7 

105.8 

526.3 

0.6 

N.F. 

62.1 

60.1 

562 

104.0 

483.9 

1.0 

0.4 

58.3 

56.4 

58.5 

96.1 

493.1 

N.F. 

N.F. 

63.6 

61.6 

58.4 

97.3 

477.7 

N.F. 

N.F. 

57.9 

56.0 

52.1 

109.9 

554.9 

N.F. 

N.F. 

472 

45.7 

44.7 

107.2 

5362 

N.F. 

N.F. 

64.6 

62.5 

53.7 

103.9 

529.1 

0.7 

N.F. 

61.4 

59.4 

57.3 

103.0 

522.4 

NJv 

N.F. 

56.5 

56.6 

572 

112.9 

528.5 

N.F. 

N.F. 

632 

61.1 

60.4 

101.6 

5382 

2.4 

0.1 

602 

562 

542 

52 

2,4— DIMETHYLBENZOIC  ACID  -  PFB 

105.0 

5272 

N.F. 

N.F. 

60.6 

58.7 

572 

53 

3,5- DIMETHYLBENZOIC  ACID  -  PFB 

98.8 

508.9 

N.F. 

N.F. 

69  2 

67.0 

63.5 

54 

2, 3- DIMETHYLBENZOIC  ACID  -  PFB 

107.0 

5192 

N.F. 

N.F. 

63.4 

61.3 

56.5 

55 

4-ETHYLBENZCHC  ACID  -  PFB 

101.6 

533.5 

N.F. 

N.F. 

61.4 

59.4 

57.4 

56 

2.4,6-TRIMETHYLBENZaC  ACID  -  PFB 

107.5 

567.8 

N.F. 

N.F. 

64.7 

62.6 

59.5 

57 

3,4-DIMETHYlBENZOIC  ACID  -  PFB 

103.5 

467.9 

N.F. 

N.F. 

60.7 

58.7 

542 

58 

2.4,5 -TRIMETHYLBENZOIC  ACID  -  PFB 

103.0 

532.6 

N.F. 

N.F 

61.6 

59.6 

57.1 

MAI K 
TECH* 


Ref:  95-JH9/vg 

January  30,  1995 


Dr.  Dorr  Kampbell 

R.S.  Kerr  Environmental  Research  Lab 
U.S.  Environmental  Protection  Agency 
P.0.  Box  1198 
Ada,  OK  74820 

THRU :  S .  A .  Vandegr i f t  f  ^ 


Dear  Don: 

Attached  are  TOC  results  for  a  set  of  16  soils  received  by 
ManTech  on  January  20,  1995  under  Service  Request  #SF-1-107  Mod.  2. 
TOC  determinations  were  begun  on  January  23,  1995  and  completed  on 
January  30,  1995  using  RSKSOP-102  and  RSKSOP-120. 


A  known  AQC  sample  and  a  Leco  standard  soil  were  analyzed  with 
your  samples  for  quality  control.  If  you  have  any  questions 
concerning  this  data,  please  feel  free  to  contact  me. 


Sincerely, 

Jeff  Hickerson 


xc:  R.L. 
J.L. 


Cosby 

Seeley 


ManTech  Environmental  Research  Services  Corporation 


R.S.  Kerr  Environmental  Research  Laboratory,  P.0.  Box  1 198, 9^9  Kerr  Research  Drive 
Ada,  Oklahoma  7482  M 198  405-436*8660  FAX  405*436-8501 


SAMPLES  SOIL  FILTRATES  SOLIDS  TOTAL  MEAN  SAMPLES  SOIL  FILTRATES  SOLIDS  TOTAL  MEAN 

%OC  %OC  %TOC  %TOC  %OC  %OC  %TOC  %TOC 
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O 

rH  CM 

1  1 

rH 

CM 

rH 

CM 

1 

1 

1 

1 

tn  m 

v 

«. 

•  • 

O 

© 

CO 

CO 

1 

01  01 
■  i 

CO 

1 

CO 

1 

1 

CM 

1 

CM 

1  1 

m 

m 

CO 

CO 

co  co 

co 

CO 

Eh 

Eh 

Eh  Eh 

EH 

EH 

04 

Oi 

Oi  Oh 

Oi 

04 

O 

O 

a  o 

o 

o 

VALUES:  LECO  -  1.00  +/-  0.04%  C 
WP032-II  -  9.60  MG/L  OC 


Ref:  95-LB9 

January  31,  1995 


MAm 

TECH* 


Dr.  Don  Kampbell 

R.S.  Kerr  Environmental  Research  Lab 
U.S.  Environmental  Protection  Agency 
919  Kerr  Research  Drive 
Ada,  OK  74820 


THRU: 


Steve  Vandegrift 


Dear  Don : 

Please  find  attached  the  analytical  results  for  Service 
Request  SF-1-107,  Myrtle  Beach  AFB,  requesting  the  analysis  of  75 
aqueous  samples  to  be  analyzed  for  BTEXXXTMBs ,  Tetramethylbenzenes 
and  Total  Fuel  Carbon.  A  total  of  71  samples  were  received,  all  in 
duplicate,  in  capped,  40  mL  VOA  vials  between  January  17  &  19,  1995 
and  were  analyzed  between  January  19  &  27,  1995.  Samples  were 
stored  at  4°C  until  analyzed.  All  samples  were  acquired  and 
processed  using  the  MAXIMA  data  system.  A  1-1000  ppb  external 
calibration  curve  was  used  to  determine  the  concentration  for  all 
compounds.  The  QC  true  value  for  all  of  the  compounds  was  50 
ppb. 


Method  development  was  required  for  the  analysis  and 
determination  of  the  tetramethylbenzene  compounds. 

RSKSOP-133  "Simultaneous  Analysis  of  Aromatics  and  Total  Fuel 
Carbon  by  Dual  Column-Dual  Detector  for  Ground  Water  Samples"  was 
used  for  these  analyses.  Auto-sampling  was  performed  using  a 
Dynatech  Precision  autosampler  system  in  line  with  a  Tekmar  LSC 
2000  concentrator.  Renae  Cochran  assisted  with  the  Total  Fuel 
Carbon  calculations. 


Sincerely, 


xc:  R.L. Cosby 
J.L  Seeley 
J.  Wilson 


ManTedi  Environmental  Research  Services  Corporation 


R.S.  Ken  Environmental  Research  Laboratory,  P.0.  Box  1 198, 919  KerT  Research  Drive 
Ada,  Oklahoma  74821-1 198  405^36-8660  FAX  405-436-8501 


Printed  31  -Jan-95  SF-1-107  DP-P&T/GC-FI D: PI D  Analyses  for  Dr.  Kampbeii  Units=ng/mL  Analysts.  Black 


QC,  OBSERVED,  PPB 
100  PPB 


MW-01 

MW-02 

MW-03 

MW-03  Duplicate 

MW-04 

MW-05 

MW-06 

MW-07 

MW-08 

MW-09 

MW-10 

500  PPB 

MW-T1 

MW-49 

MW-50 

MP155 

MP8S 

MP10S 

MP10S  Duplicate 
MP12D 
MP16S 
MP17S 

MPlTSDuplicate 


MP19S 

MP20S 

MP21S 


MP2lSDuplicate 

MP22S 

MP23S 

MP24S 

MP27M 

QC,  OBSERVED,  PPB 

MP28M 

MP30D 

MP30S 

MP-31D 

MP32D 

MP33D 

MP34D 

MP34S 

MP34S  Duplicate 
MP35£> 

10  PPB 
MP36D 

MP36D  Duplicate 

MP36S 

GPlS 


GP'D 


BENZENE  TOLUENE  ETHYLBENZENE  p-XYLENE  m-XYLENE  o-XYLENE 


5.52E+01 

4.98E+01 

9.83E+01 

9.96E+01 

ND 

ND 

2.89E+02 

ND 

4.10E+01 

ND 

3.67E+01 

5.31  E+00 

2.31  E+03 

1.13E+03 

9.53E+03 

6.06E+03 

4.19E+02 

6.17E+01 

3.39E+00 

3. 04  E+00 

BLQ 

9.53E-01 

ND 

BLQ 

ND 

1.66E+00 

5.29E+02 

5.00E+02 

2.82E+02 

2.35E+01 

BLQ 

ND 

BLQ 

ND 

6.06E+01 

BLQ 

3.93E+02 

1.41  E+02 

3.68E+00 

2.21  E+00 

4.05E+00 

4.48E+00 

ND 

5.51  E+00 

3.28E+00 

6.63E+01 

BLQ 

2.27E+00 

2.11E+00 

1.95E+00 

ND 

1.10E+01 

9.88E+01 

1.00E+02 

4.45E+00 

2.04E+01 

ND 

BLQ 

6.44E+02 

4.53E+02 

BLQ 

BLQ 

ND 

ND 

BLQ 

1.80E+00 

ND 

BLQ 

ND 

ND 

ND 

ND 

ND 

ND 

4.72E+01 

4.84E+01 

ND 

BLQ 

1.65E+01 

2.64E+00 

5.71  E+02 

1.83E+01 

BLQ 

2.57E+00 

2.42E+01 

2.26E+01 

1.32E+00 

1.08E+00 

2.24E+00 

BLQ 

2.44E+00 

6.26E+00 

2.31  E+00 

6.30E+00 

2.21  E+00 

9.66E-01 

1.02E+01 

9.4SE+00 

3.27E+00 

9.46E-01 

3.33E+00 

2.53E+00 

1.18E+03 

4.23E+03 

6.63E+02 

2.96E+01 

5.57E+02 

6.27E+00 

4.62E+01 

-  4.83E+01 

9.94E+01 

9.93E+01 

ND 

BLQ 

1.98E+00 

1.37E+00 

1.45E+00 

BLQ 

3.44E+00 

1.74E+00 

4.01  E+02 

3.79E+02 

5.06E+02 

4.26E+02 

3.00E+02 

7.64E+02 

1.07E+00 

1.81  E+00 

ND 

ND 

ND 

BLQ 

ND 

BLQ 

5.00E+02 

5.00E+02 

3.40E+01 

3.63E+02 

ND 

BLQ 

ND 

1.43E+00 

ND 

ND 

1.05E+02 

8.96E+01 

2.22E+00 

2.38E+00 

3.20E+00 

3.30E+00 

ND 

ND 

3.79E+00 

5.55E+00 

1.55E+00 

1.81  E+00 

2.66E+00 

2.62E+00 

ND 

ND 

1.00E+02 

1.00E+02 

ND 

BLQ 

ND 

ND 

7.83E+02 

7.35E+02 

BLQ 

BLQ 

ND 

ND 

BLQ 

ND 

BLQ 

9.89E-01 

ND 

ND 

ND 

ND 

ND 

BLQ 

4.48E+01 

4.63E+01 

BLQ 

ND 

2.79E+01 

2.62E+01 

4.95E+02 

5.96E+02 

9.85E-01 

ND 

4.16E+00 

4.37E+00 

ND 

ND 

BLQ 

ND 

BLQ 

ND 

ND 

ND 

ND 

ND 

1.02E+01 

1.00E+01 

ND 

ND 

ND 

ND 

1.11  E+03 

1 .08E+03 

9.85E+02 

1.06E+03 

5.00E+01 

6.59E+02 

4.90E+01 

4.88E+01 

9.96E+01 

9.95E+01 

BLQ 

ND 

3.76E+00 

1.89E+00 

BLQ 

ND 

2.72E+00 

1.86E+00 

7.36E+02 

3.83E+02 

1.02E+03 

7.28E+02 

1.53E+03 

7.76E+02 

5.39E+00 

1.48E+00 

BLQ 

ND 

2.96E+00 

1.04E+00 

BLQ 

ND 

5.00E+02 

5.00E+02 

9.74E+02 

4.95E+02 

2.21  E+00 

BLQ 

4.67E+00 

1.86E+00 

BLQ 

ND 

2.08E+02 

1.09E+02 

5.48E+00 

1 .39E+00 

5.98E+00 

2.32E+00 

BLQ 

ND 

1.39E+01 

1.00E+01 

6.33E+00 

3.86E+00 

6.43E+00 

4.37E+00 

BLQ 

ND 

1.02E+02 

1.01  E+02 

BLQ 

ND 

ND 

ND 

1.42E+03 

1.10E+03 

ND 

ND 

BLQ 

ND 

1.22E+00 

ND 

2.63E+00 

1.44E+00 

BLQ 

ND 

BLQ 

ND 

1.67E+00 

BLQ 

4.71  E+01 

4.67E+01 

9.63E-01 

ND 

7.01  E+01 

1.68E+00 

9.44E+02 

1.07E+01 

1.78E+00 

ND 

9.04E+00 

3.33E+00 

BLQ 

ND 

BLQ 

ND 

1.09E+00 

ND 

1.26E+00 

ND 

ND 

ND 

9.74E+00 

9.75E+00 

1.20E+00 

ND 

1.62E+00 

ND 

3.10E+03 

1.08E+03 

3.27E+03 

7.23E+00 

1.87E+03 

4.97E+01 

ine  Detected,  BLQ  =  Below  Limit  of  Quantitation,  1  ppb;  N/A  =  Not  Analyzed 
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Printed  31 -Jan -95  SF-1-107 


DP-P&T/GC-FID:P1D  Analyses  for  Dr.  Kampbeli 


Units=ng/mL  AnatysLLE 


SAMPLE  NAME 

1,3.5-tmb 

1 ,2.4-TMB 

1.2.3-TMB 

QC.  OBSERVED,  PPB 

4.76E+01 

4.75E+01 

4.91  E+01 

100  PPB 

1  .OOE+02 

9.99E+01 

9.81  E+01 

MW-01 

ND 

ND 

•  ND 

MW-02 

ND 

9.10E-01 

1.30E+00 

MW -03 

ND 

ND 

ND 

MW-03  Duplicate 

ND 

2.25E+00 

2.08E+00 

MW-04 

8.99E+01 

2.69E+02 

1.82E+02 

MW-05 

1 .00E+02 

4.42  E+02 

2.27E+02 

MW-06 

1.53E+02 

4.52  E +02 

2.34E+02 

MW-07 

ND 

1.58E+00 

ND 

MW-08 

ND 

ND 

ND 

MW-09 

ND 

ND 

ND 

MW-10 

ND 

9.41  E-01 

ND 

500  PPB 

5.00E+02 

5.00E+02 

5. 00E+02 

MW-11 

7.69E+01 

2.09E+02 

1.07E+02 

MW -49 

ND 

BLQ 

ND 

.MW-50 

ND 

BLQ 

ND 

MP155 

ND 

BLQ 

ND 

MP8S 

2.11  E+01 

8.37E+01 

3.56E+01 

MP10S 

BLQ 

2.81  E+00 

1.30E+00 

MP10S  Duplicate 

2.53E+00 

4.00E+00 

2.35E+00 

MP12D 

ND 

ND 

ND 

MP16S 

BLQ 

3.60E+00 

1.27E+00 

MP175 

ND 

ND 

ND 

MP1  TSDuplicate 

ND 

ND 

ND 

MP18M 

ND 

ND 

ND 

100  PPB 

1 .03E+02 

1.03E+02 

1.03E+02 

MP19M 

ND 

ND 

ND 

MP19D 

ND 

ND 

ND 

MP19S 

1.44E+02 

4.27E+02 

2.31  E+02 

MP20S 

ND 

ND 

ND 

MP21S 

ND 

ND 

ND 

MP21SDup!icate 

ND 

ND 

ND 

MP22S 

ND 

ND 

ND 

MP23S 

ND 

ND 

ND 

MP24S 

ND 

ND 

ND 

MP27M 

ND 

ND 

ND 

QC,  OBSERVED,  PPB 

4.36E+01 

4.37E+01 

4.61  E+01 

MP28M 

ND 

ND 

ND 

MP30D 

1.52E+01 

4.05E+01 

1.94E+01 

MP30S 

7.60E+01 

3.34E+02 

2.74E+02 

MP-31D 

ND 

3.12E+00 

2.18E+00 

MP32D 

1.80E+00 

3.45E+00 

2.67E+00 

MP33D 

ND 

ND 

ND 

MP34D 

ND 

ND 

ND 

MP34S 

ND 

ND 

ND 

MP34S  Duplicate 

ND 

ND 

ND 

•MP35D 

ND 

ND 

ND 

10  PPB 

1.01  E+01 

9.81  E+00 

9.78E+00 

MP36D 

ND 

ND 

ND 

MP-36D  Duplicate 

ND 

ND 

ND 

MP36S 

2.35E+02 

7.26E+02 

3.51  E+02 

GP1S 

2.76E+02 

7.76E+02 

4.01  E+02 

GP1D 

1.32E+02 

4.49E+02 

2.17E+02 

,4,5-TETRA 

1 ,2.3,5-TETRA 

1  ,2.3,4-tetra 

N/A 

N/A 

N/A 

9.48  E+01 

9.45E+01 

9.41  E+01 

'  N/A 

ND 

ND 

ND 

BLQ 

1.28E+00 

2.16E+00 

ND 

4.1BE* 

ND 

BLQ 

BLQ 

4.03E. 

ND 

ND 

ND 

3.72E+: 

1.28E+01 

1 .81  E+01 

2.43E+01 

5.84E+; 

1.27E+01 

2. 88  E+01 

2.81  E+01 

1.83E+* 

8.36  E+00 

2.13E+01 

2.37E+01 

5.45E+< 

ND 

ND 

ND 

3.51  E+( 

ND 

ND 

ND 

6.07E+' 

ND 

ND 

ND 

1.16E+C 

ND 

ND 

ND 

8.12E+C 

5.00  E+02 

5. 00  E+02 

5.00E+02 

N/A 

8. 99  E+00 

1.45E+01 

1.57E+01 

2.92E+C 

ND 

ND 

ND 

BLQ 

ND 

ND 

ND 

1.46E+C 

1.14E+00 

1 .29  E+00 

1 .27E+00 

9.50E+C 

2.98  E+00 

7.39  E+00 

7.56E+00 

1.85E+C 

ND 

ND 

ND, 

4.45E+C 

ND 

ND 

ND 

5.81  E+C 

ND 

ND 

ND 

5.42E+L 

ND 

ND 

ND 

1.01  E+C 

ND 

ND 

ND 

1.99E+C 

ND 

ND 

ND 

1.82E+C 

ND 

ND 

3.51  E+01 

2.81  E+C 

1.01  E+02 

9.95E+01 

1.03E+02 

N/A 

3.76E+00 

ND 

7.21  E+00 

1.63E+C 

ND 

ND 

1.05E+00 

BLQ 

7.86  E+00 

1.95E+01 

2.24E+01 

—  1F+C 

ND 

ND 

ND 

ND 

ND 

ND 

m  V 

ND 

ND 

ND 

^1be+c 

ND 

ND 

9.27E-01 

1.24E+C 

ND 

ND 

ND 

BLQ 

ND 

ND 

ND 

BLQ 

ND 

ND 

ND 

5.63E+C 

4.38E+01 

4.74E+01 

4.53E+01 

N/A 

ND 

ND 

ND 

4.21  E+C 

2.03  E+00 

4.77E+00 

4.78E+00 

4.85E+C 

1.51  E+01 

2.58E+01 

3.61  E+01 

4.32  E+C 

ND 

BLQ 

BLQ 

2.61  E+C 

ND 

ND 

ND 

7.84E+C 

ND 

ND 

ND 

4.25E+C 

ND 

ND 

ND 

3.65E+C 

ND 

ND 

ND 

8.44E+C 

ND 

ND 

ND 

8.15E+C 

ND 

ND 

ND 

3.41  E+C 

1.01  E+01 

9.75E+00 

9.80E+00 

N/A 

ND 

ND 

ND 

5.18E+C 

ND 

ND 

ND 

9.97E+C 

1.47  E+01 

3.74E+01 

4.38E+01 

1.38E+C 

1.74E+01 

4.35E+01 

4.64E+01 

1.04E+C 

9. 12  E+00 

2. 20  E+01 

2.42E+01 

4.64E+C 

ND  8  None  Detected,  BLQ  »  Below  Limit  of  Quantitation,  1  ppb;  N/A  =  Not  Analyzed 
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Printed  31 -Jan-95  SF-1-107 


DP-P&T/GC-FID:PID  Analyses  for  Dr.  Kampbell 


Units=ng/mL  Analyst:L. Black 


S  AM  E 

BENZENE 

TOLUENE 

GP2S 

9.57E+02 

2.05E+01 

GP3D 

4.36E+02 

2.51  E+01 

GP-3S  1/10 

1.16E+03 

2.37E+02 

MOW-01 ") 

1.13E+00 

BLQ 

MOW-02  > 

2.99E+01 

1.24E+00 

MOW-03J 

BLQ 

ND 

100  PPB 

1.01  E+02 

1.02E+02 

MOW-04 

3.82E+00 

BLQ 

MOW-05 

4.06E+00 

ND 

MOW-111 

BLQ 

ND 

MOW-111  Db 

plicate 

BLQ 

BLQ 

MOW-112  ' 

>  MDG4S 

5.43E+03 

2.34E+04 

MOW-113  | 

7.73E+02 

3.79E+02 

M  (DC-02  I 

5.75E+00 

6.21  E+01 

MOC-03 

4.48E+00 

2.89E+01 

MOC-04 

2.90E+02 

6.71  E+02 

MOC-8 

4.83E+01 

2.35E+01 

MOC-8  Duplic 

ate 

4.63E+01 

2.08E+01 

QC,  OBSERVED,  PPB 

4.96E+01 

4.95E+01 

MOC-08  1  tAoC,AS 

1.68E+00 

1.57E+01 

MOC-11 

1.21  E+01 

1.75E+01 

Mgt-33 

BLQ 

ND 

GM-^ 

ND 

ND 

GN 

9.44E-01 

ND 

ND 

ND 

GMV 

BLQ 

BLQ 

SW-01 

1.71  E+01 

3.24E+01 

SW-01  Duplicate 

1.98E+01 

3.80E+01 

SW-2 

BLQ 

BLQ 

SW-2  Duplicate 

BLQ 

BLQ 

1000  PPB 

1.09E+03 

9.76E+02 

SW-3 

4.34E+02 

1.32E+01 

SW-4 

5.56E+00 

BLQ 

SW-5 

ND 

ND 

MOV-OI-3  \  lAnCfAi 

5.96E+03 

1.94E+04 

MOC-05  > 

4.85E+03 

6.80E+03 

10  PPB 

1.04E+01 

9.49E+00 

ETHYLBENZENE 

p-XYLENE 

m-XYLENE 

o-XYLENE 

5.12E+02  ' 

1.01  E+03 

2.95E+03 

1.19E+01 

2.69E+02 

8.30E+02 

2.13E+03 

1.60E+02 

1.20E+03 

1.18E+03 

3.53E+03 

5.74E+02 

BLQ 

1.29E+00 

2.67E+00 

ND 

1.28E+00 

1.18E+00 

1.84E+00 

1.18E+00 

ND 

ND 

1.38E+00 

ND 

9.46E+01 

9.32E+01 

9.48E+01 

9.54E+01 

4.11E+00 

9.99E-01 

1.21  E+00 

ND 

BLQ 

ND 

9.86E-01 

ND 

ND 

ND 

9.17E-01 

ND 

ND 

ND 

9.43E-01 

ND 

2.43E+03 

3.07E+03 

6.45E+03 

4.39E+03 

1.17E+02 

6.95E+01 

7.83E+01 

1.16E+02 

1.03E+01 

9.98E+00 

2.04E+01 

1.32E+01 

6.28E+00 

6.15E+00 

1.24E+01 

8.22E+00 

7.21  E+01 

7.28E+01 

1.87E+02 

1.18E+02 

6.45E+00 

5.55E+00 

1.08E+01 

7.05E+00 

7.81  E+00 

5.20E+00 

1.07E+01 

6.69E+00 

4.52E+01 

4.61  E+01 

4.68E+01 

4.69E+01 

4.51  E+00 

4.49E+00 

8.85E+00 

5.84E+00 

4.70E+00 

5.13E+00 

1.08E+01 

6.41  E+00 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

1.43E+00 

1.14E+00 

ND 

2.60E+00 

2.36E+01 

5.19E+01 

7.00E+00 

ND 

1.45E+00 

ND 

ND 

5.69E+00 

6.79E+00 

1.09E+01 

9.29E+00 

6.00E+00 

7.15E+00 

1.22E+01 

1.03E+01 

ND 

ND 

1.06E+00 

ND 

ND 

ND 

1.03E+00 

ND 

9.67E+02 

9.63E+02 

9.63E+02 

9.70E+02 

1.44E+02 

2.74E+02 

7.00E+02 

3.22E+01 

2.14E+00 

4.80E+00 

9.69E+00 

4.06E+00 

ND 

ND 

1.05E+00 

ND 

2.69E+03 

1.98E+03 

4.04E+03 

3.02E+03 

9.12E+02 

8.60E+02 

1.54E+03 

1.14E+03 

9.97E+00 

9.67E+00 

9.51  E+00 

9.57E+00 

ND  =  None  Detected,  BLQ  =  Below  Limit  of  Quantitation,  1  ppb;  N/A  =  Not  Analyzed 
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Printed  31 -Jan-95  SF-1-107 


DP-P&T/GC-FID:PID  Analyses  tor  Dr.  Kampbell 


Units=ng/mL  Analyst:L.6.. 


SAMPLE  NAME 


1 .3.5-TMB  1 ,2,4-TMB  1 ,2.3-TMB  1,2,4.5-TETBA 


MOcr AS 


duplicate 

i  MOGAS 


Siicate 


GP2S 
GP3D 
GP-3S 
MOW-Ol) 

MOW-02  > 

MOW-03J 
100  PPB 
MOW-04 ' 

MOW-05 
MOW-111 
MOW-1 1 1 
MOW-112 
MOW-113 
MOC-02 
M0003 
MOC-04 
MOC-8 
MOC-8  | 

OC 

MOC-081 
MOC-1 1  ^ 

(itel 33 
GM-34 
GM-35 
GM-36 
GM-44 
SW-01 

SW-01  Duplicate 
SW-2 

SW-2  Duplicate 
1000  PPB 
SW-3 
SW-4 
SW-5 

MOV-OI  -3?  mo6AS 

MOC-05 

10  PPB 


1 .99E+02 
1 .98E+02 
4.31  E+02 
ND 
ND 
ND 

8.87E+01 

ND 

ND 

ND 

ND 

6.22E+02 

2.12E+01 

4.19E+00 

3.22E+O0 

2.88E+01 

3.19E+00 

3.05E+00 

4.36E+01 

2.90E+00 

3.62E+00 

ND 

ND 

ND 

9.83E+O0 

ND 

3.29E+00 

3.08E+00 

ND 

ND 

9.73E+02 

4.99E+01 

2.86E+00 

ND 

3.78E+02 

2.09E+02 

9.68E+00 


6.56E+02 
5.75E+02 
1.1 1E+03 
ND 

1 .76E+00 
ND 

9.22E+01 

ND 

ND 

ND 

ND 

2.95E+03 
1.13E+02 
1.10E+01 
7.34E+00 
1 .25E+02 
7.35E+00 
6.85E+00 
4.44E+01 
6.02E+00 
9.10E+00 
ND 
ND 
ND 

2.26E+01 

ND 

4.62E+00 

4.85E+00 

ND 

ND 

9.71  E+02 
1.30E+02 
3.28E+00 
ND 

1.58E+03 

9.50E+02 

9.43E+00 


3.16E+02 

2.77E+02 

5.80E+02 

ND 

ND 

ND 

9.43E+01 

ND 

ND 

ND 

ND 

8.81  E+02 
4.10E+01 
4.31  E+00 
3.02E+00 
3.77E+01 
2. 88  E+00 
2.58E+00 
4.57E+01 
2.64E+00 
3.36E+00 
ND 
ND 

2.41  E+00 
1.53E+01 
ND 

3.14E+O0 

2.84E+00 

ND 

ND 

9.68E+02 

8.78E+01 

2.82E+00 

ND 

5.13E+02 
2.91  E+02 
9. 46  E+00 


1.36E+01 

1.43E+01 

3.91  E+01 

ND 

ND 

ND 

9.58E+01 

1.16E+00 

ND 

ND 

ND 

7.64E+01 

6.19E+00 

BLQ 

ND 

5.07E+00 

ND 

ND 

4.61  E+01 
ND 
ND 
ND 
ND 
ND 
BLQ 
ND 
ND 
ND 
ND 
ND 
N/A 

3.12E+00 

ND 

ND 

4.50E+01 
3.18E+01 
IOI  E+01 


1 ,2,3,5-TETRA 


3.35E+01 

3.50E+01 

1.34E+02 

ND 

ND 

ND 

9.58E+01 
1 .07  E+00 
ND 
ND 
ND 

1 .34E+02 
8.91  E+00 
BLQ 
ND 

1.07  E+01 

ND 

ND 

4.78  E+01 

ND 

ND 

ND 

ND 

ND 

1.62  E+00 

ND 

ND 

ND 

ND 

ND 

N/A 

8. 35  E+00 

ND 

ND 

7.33E+01 

5.33E+01 

9.79E+00 


1 ,2,3.4-TETRA 


3.51  E+01 

3.51  E+01 

1.16E+02 

ND 

ND 

ND 

9.71  E+01 

1.35E+00 

ND 

ND 

ND 

7.44E+01 

4.50E+00 

BLQ 

ND 

4.74E+00 

ND 

ND 

4.67E+01 
ND 
ND  * 

ND 

ND 

BLQ 

1 .84E+00 

ND 

ND 

ND 

ND 

ND 

N/A 

9.60E+00 

ND 

ND 

3.88E+01 

2.94E+01 

9.93E+00 


FUEL  C  A °9C 


1.82E+0- 

4.14E+0 

1.40E+0 

3.76E+0 

N/A 

1.07E+C 

4.10E+C 

BLQ 

BLQ 

4.77E+0 

2.09E+0 

1.52E+0: 

9.06E+0 

1.91  E+O: 

2.45E+a 

2.31  E+01 

N/A 

5.87E+0 
1.05  E+O: 
BLQ 
ND 

4.59E+0 

2.00E+0: 

2.28E+0 

1.12E+0: 

1.20E+0: 

1.79E+0 

2.96E+OC 


3.71  E+O* 
1.58E+0- 
N/A 


ND  a  None  Detected,  BLQ  =  Below  Limit  of  Quantitation,  1  ppb;  N/A  =  Not  Analyzed 
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_ _  FIELD  DATA  MYRTLE  BEACH  AIR  FORCE  BASE 

sample  date  redox  pH  cond  carbon  hydrogen  total  alkalinity  dissolved  temp,  ferrous 

collected  mV  .  pmhos/cm  dioxide  sulfide  mg/1  CaC03  oxygen  °C  iron 


FIELD  DATA  MYRTLE  BEACH  AIR  FORCE  BASE 


MYRTLE  BEACH  AFB  -  CORE  SAMPLES  -  JANUARY  1995 


Sample 

Combustible 

Gases,  mg/1 

ssi-r 

20 

SS2-f 

<6 

ss3-r 

6 

ss4-r 

20 

SS5-1" 

40 

SS6-l' 

70 

CPT5-7 ' 

110 

CPT6-8 ' 

120 

CPT19-10 ' 

30 

CPT30-1.5 ' 

<6 

CPT31-6 ' 

360 

CPT32-3  ' 

150 

CPT34-9.5  ' 

35 

MW01-r 

20 

Dehydrogenase 

Activity 

jig  Formazan/g.soil 


Total  Petroleum 
Hydrocarbons 
mgOil/kg  soil 


<50 


210 


<50  " 


<50 


N.D. 


240 


150 


3300 


<50 


<50 


N.D. 


760 


<50 


<50 


ELEMENTAL  COlWlTUENTS  ANALYSIS  BY 


o  o 
ir>  o  o 

Cl  OH 

mtn  i  oh 
i  m  pq  •  • 

H  ••  W  H  H 

o  ^  u* 

H  I  H  I 
CM  >  CD 

CO  O  o 

CO  22 


f4coNHin©®^OfOOo\wi«»u>^,»oour)r'Oio^Mn 

lOOOhVDNininoooo^HO^H^iOTrhONHONHa) 

inio(n«)HOOOONNOO^oooHOP)Nono^(n 

W  CO  O  O  O  O  O  O  rH  O  O  O  O  O  O  O  O  OOO  CNOOO  OO 

OrHOOOOOOOOOOOOOOOOOOOOOOOO 


mm  o  ho  oh  a>  id 

to  id  io  hnwooho^ioow  vo  co  m  id  cm 

ChmOOOHOOOO'ffOOHHOfO^HfOO^^ 

CD^tO^lOOOOrHOOOOOOOOOOOfMOOOOO 

HrHfOOO  00  0*000000000000000000 


^  m  O  HP*  ©  H  CD  ^ 

o  m  w  HNNOoHr^mcnn  cn  co  id  co  cm 

onuJOOHnooocsoomHOro^^nincov 

OVIOHPIOOOHOOOOHOOHO  O  O  04  rt  O  O  O  O 

U>r4ir>lOIOOOOOOOOOOOOOOOOOOOOOO 

h  v  n  vvvvvvv  vv  vvvv  v  v 


w 

o 

P— 

< 

‘J  “ 

M  1 

an 

V 

i 

t4 

53 

_M4y  ] 

< 

Dt 

p_ 

W 

<N»  0 

cd  r 


o  o 
i  in  o  o 

r-4  0»0  H 

H  I  OH 

co  in  pq  •  • 

rl  ••  w  H  H 


00  ^  r“l 

O  o  1 

<  CM  EE 
*■(0  0 
CD  22 


r-ftno  H  O  CO  H  O  CO  O' 

co  id  id  Hoio400HovDinoco  r-  ro  r-  id  cm 

^(OOOOH(OI»)OO^OOOHO(OVH(nOVJ 
Ol^incDt^OOOHOOOOOOOOOOOCMO  o  o  o  o 

04  h  04  o  o  o  o  o  oooooooooooooooooo 


m  m  o  ho  co  ho  co  ^ 

^  ip  Hojojoo»Hp*ipinnn  r-c  co  cd  r-  cm 
MnHOO(0(0(noo^oooHO(*)'ihcohinij 
^^4*coincoooor-4oooooooooooo4»Hoooo 

oHincDO'OOOOOOOOOOOOOOooooooq 

04  V  CM  vv  vvvvvvvvvvvv  V  V 


o  o 
»h  in  o  o 

1  OlOH 

HO)  I  OH 

_  to  •  • 

O  ••  w  H  H 

O  ^  Ik 

Cl  CO  rH  I 
«H  I  CD 

CO  P4  O 

CD  g 


VO  in  O  f-t  CD  CO  H  o  ^  id 

O  in  ID  VO  H040400lHO(PinOin  CM  CO  CM  ID  CM 
HfflOOOHJOlOOO^OOOHOPOVOICOO^^ 
^•^•^COOOOOtMOOOOOOOOOOOCMOOOOO 

r-IrHIDOOOOOOOOOOOOOOOOOOOOOOO 


ci  in  o  f-c  cd  o  ho  ^  r- 

CM  CM  ID  ID  HCMNOOlHOlPincm  CO  CO  r"  ID  CM 

CDCllDOOHCOCOOO^OOOHO  CO  ID  CM  CO  H  M 

CM  m  ID  Ol  O-  O  O  O  rH  O  O  O  O  O  O  O  O  O  O  O  04  CO  O  O  O  O 

^rH^PCOOOOOOOOOOOOOOOOOOOOOOO 

r4  ID  vvvvvvvv  VVVVV  V  VV 


CD 

0 

o  o 

22 

;H  moo 

o 

1  Cl  O  H 

< 

*• 

HIP  1  OH 

W 

55 

«  •  • 

D 

JS 

w 

V)  ••  [x]  H  H 

S 

O 

O  M  In 

M 

2 

CO  CM  H  1 

> 

kJ  Q  in 

O 

fH  I  CD 

w  5 

H 

CO  &  O 

S  U  H 

S 

®  2 

•  • 

£4 

2 

H 

•  25 

£4 

O 

& 

O  O  ^ 

55 

U 

W 

55  H  M 

u 

F> 

u 

£j  W  W  Q 

g 

o 

23 

H 

CC 

O 

<£4  H  <J  oj  H 

M 

CM 

u 

£4  W  H  Q  PM  Q 

w 

H  in  O  HO  03  H  O  ■<*  Cl  CO 

COVDIO  H04NOOlHp*IDtnOIC)  CO  ■O’  ID  CM 

MD«OOOH(OfOOO^OOOHO(»)<90(00^Mtf 
Ol^PNHOOOHOOOO  OOOOOOOCMOOOOO 

rHrHOOOOOOOOOOOOOOOOOOOOOOOO 


o  in  o  *h  r-  coho  **  co  o 

CD  ID  ID  fHCMCMOClHO-IDinOlCO  CTl  CO  O'  ID  CM 
)D0iD000Hm(n00^000H0m^M*)'T^^ 
CD^r-CDIDOOOrHOOOOOOOOOOOCMOOOOO 

Clr-tr-CMrHOOOOOOOOOOOOOOOOOOOOO 

vvvvvvvvvvvvvvv  V  vv 


it  cdtJi®COOH*l©pO®3M-HC  J3  *H  M  *H 

5wu22tMgu2^*^wumuu2:N»a;HP«iJw>mcoH 


I 

I 

I 

I 


a 


3 


t 


I  I 
^  I 
+  I 


Q  I 
H  I 
CO  I 
I 


o  o 
I  to  o  o 

rH  W  O  H 

rH  I  O  H 

o  CQ  •  • 

Q  ••  U  H  H 

^  m  u« 
in  to  h  i 
Ml  ® 

n  p<  o 

a>  x 


o  o 
moo 

O)  O  H 
OMOH 


5 


i  m  m 
i  ••  w  i 


^  i  i 
M  X 
co  O 
oo  X 


•  U# 
i  l 
00 
o 


l 

H 

CO 


o  o 
I  moo 

rH  Ol  O  H 
'  h  I  O  H 

m  «  •  • 

V\  m  ••  W  rH  rH 

<  o  **  U* 

O  I  rl  I 

O  N  S  CO 

^  m  O  o 

oo  X 


I 

H 

CO 


1 


M  CO  M 

moo 

m  m  ro 
rH  ro  O 


rH  m 
p*  vo 

VO  rH 

o  o 


o  rH  O  o  O 


CO  00  «  o 
04  in  m  co 

o  o  o  o 

O  O  O  rH 
•  •  •  • 
O  O  O  O 


co  o 

CD  <J\ 
M  CM 

o  o 
•  • 
o  o 


otvo^yvo^j**oo%mr-om 

HO^H^mn'hONHO 

oo^ooorHomcMom 

OOOOOOOOOMOO 

. 

oooooooooooo 


^  r*  m 

CM  rH  CD 

o  n 
o  o  o 
•  •  • 
o  o  o 


rH  m  O  rHOlCOrHOrH  ^ 

fr)  vo  vo  rHCMCMOOir-it—vomom  in  CO  CO  VO  CM 
fflooooHnnoovoooHOfovinno^v 

n  »  n  3  S  o  o  o  h  o  o  e  o  o  o  o  o  o  o  o  n  o  o  o  o  o 

rHrHf^OOOOOOOOOOOOOOOOOOOOOOO 


vomo  CM  0\  N  CO  V  rH 

o  VO  VO  HNNOfflNMOh® 

(fiNmooonmoo voooho 
ot  h  n  o  o  o  o  n  o  o  oooooooo 

N  H  N  «-•  O  O  O  O  O  O  O  O  O  O  O  O  O  O 


ro  r*  co  ro  vo  cm 
ninmonv  ^ 
O  CO  CO  O  O  o  o 

o  o  o  o  o  o  o 
V  V  V  V 


rH  m  O  rH 

(O  VO  VO  rH  CM  CM 
r^COOOOrHCOCOO 
VomOOrHCMOOOrHOOO 

rHrHrHOOOOOOOOO 


r-  co  ho  r- 

OftHhWmOHO 

o^oooHom^ 

OOOOOOOOM 

ooooooooo 


CO  CO  Ol  VO  CM  . 
HCO  O  W 
O  O  O  O  © 

•  •  •  •  ■ 

o  o  o  o  o 


r-  m  o  nr*  co  nm  r*  .  ^  ^ 

CO  VO  VO  rHCMCMOOlrHr-HinO»rO  »HCOVOr-M 
oocMOOH(ocnoo^ooNHOinvnMjwv 

^OCDOIfOOOOrHOOOOOOOOOOOMrHOOOO 

<*  oj CO  h  M*  O  o'  o  o  o’ o'oooooo  ooooooooo 


rH  m  O 


_  „  _  Hh  COHO  N  00 

ro  vo  vo  HMMOcnrHr-vomoco  ^  2  12  £2 

»«OOOOHOnOOVOOOHO«OvrHnOJ^ 

M  »  •  S  5  O  O  O  r*  O  O  O  O  O  O  ©  O  O  ©  O  N  O  O  O  O  O 

mrtiooo’ooooooooooooooooooooo 


moo  in  r*  oo  m  co  cm  *  -  2  «  ^ 

r-  vo  vo  HNNOO>Hr*o«o»co  ®  2  2  S 

„»«pag88a8a88S8g8gg3aa88SS 

nh'convooooooooooooooooooooo 


1 

Oh 

a 


Ui 

M 

a 

£H 


Z 

8  14 

£83 

3:  U  EH 


•  • 


Oh 


o 

s 


z 

o 


H 

z 

w 

u 

z 

o 

o 


HMHQPiQ 


•H  m  O  H  r*  CD  rH  o  m  Ol 

(O  vo  rH  CM  CM  o  OI  rH  r*  vo  in  OI  ro  CO  CO  vo  CM 

^VOOOOrHCOCOOO^OOOrHOCO^OmO^^ 
•  O^rHOOOrHOOOOOOOOOOOMOOOOO 

. .  •  *  •  ' 

._.^»rt«OOOO0000000000000000 


omo  rH  CO  CD  rH  O  IO  O  _  ^  .. 

co  vo  vo  rHCMCMrHa»rHP*VOmO»CO  22^222 

CnCMCOOOrHCOCOOO^OOOrHOCO^Ovmr-^J 

.^oiSSoooho  o  O  o  o  o  o  o  o  o  o  CM  o  o  o  o  o 
-I  o’  W  -J  o'  o  o’  o’  o'  o'  o’  o’  o’  o  o  o  o  o  o  o  o  o  o  o  o 


z 

o 


►4 

M 

Q 


X 

H 


CO 

§ 

CO 

H 

z 


Pi 

g 

5  CO 
X  H 

ms 

a  a 


W  H 
EH  (m 
W  M 

o  z 
o 
Z  H 
O  to 

H 

H  CM 

u 

M  O 
H  EH 
UI 

o  w 

H 
tu  <4 
O  d 
D 
EH  U 
H  U 

s* 

>4  to 

I  EH 

gg 

O  C/l 

is 


ELEMENTAL  CONSTITUENTS  ANALYSIS  BY  I CAP 

THIS  REPORT  (  [CLARK.  ICAP] LIST. LST;3465)  WAS  GENERATED  FROM  [CLARK.  ICAP] OUTPUT  .DAT;2018 


o  o' 

rH  to  O  O 

1  Ci  OH 

r-l  r-  tow 
»-•  CQ  •  ■ 

••  U  H  rH 


Na)NHincoa),ffOrooc>v)^vD,wotMnr-otnvr>in 
iftoor-«>Nininocoo>HO^H«>invhONHONHo 
in^fOWrlOOOONNOO^OOOrtOfONOnO^m 
,h  m  o  o  o  o  o  o  «h  o  o  o  o  o  o  o  o  o  o  o  cm  o  o  o  o  o 

o^oooooooooooooooooooooooo 


H  If)  O  *H  r-  CO  H  O  If)  VO 

m  vd  id  rHCMCMO<n?Hr'*iDmcnro  sr  ro  cm  id  cm 

vd  inwinoooHfonoovoooHOfn^ono^v 
p'VVDfHtnOOOiHOOOOOOOOOOOCMOOOOO 

OrHOOOOOOOOOOOOOOOOOOOOOOOO 


cm  m  o  nr  who  in  o  r- 

in  vo  u>  HNNOovHrvoioovn  m  ro  o  vd  cm 
r*  iflHiOHOOHnnoovoooHonwwN^^ 
m  ^  in  co  m  o  o  o  rH  o  o  ©  o  o  o  o  o  o  o  o  cm  o  o  o  o  o 

r-rHVDr-irOOOOOOOOOOOOOOOOOOOOOO 

v  vvvvvvvvvvvvvvv  V  vv 


o  o 

iH  moo 

I  O  OH 

h  in  I  OH 

Hfl  •  • 

”  W  H  H 

r-*  »n  t>4 

COOH  I 
CM  I  CO 

ro  S:  o 

00  2 


h  in  o  nr  who  o  to  r* 

ro  id  vd  HNCMOftHrvoinon  co  ro  cn  vo  cm 

WNCOOOOHWWOOVOOOHOWVOWO^^ 

rO^COfOCOOOOfHOOOOOOOOOOOCMOOOOO 

rHrHOOOOOOOOOOOOOOO  OOOOOOOOO 


in  in  o  h  r  n  h  o  o  in 

h  vd  vd  HCMcMomcMr-romcj>ro  ro  co  r-  vd  *r 
inincoHOOrnnoovooHHOo^cofno)^^ 
rH^COCOCOOOOCOOOOOOOOOOOOCMOOOOO 


ro  »h  co  ro  i 

H  V 


,000000000000000000000 
VV  VVVVV  V  VVVV  V  V 


rH 

m  o 

o 

1 

1 

cn  o 

rH 

1 

r- 

r- 

rH'VD 

t  o 

H 

to  t 

m 

o 

ffl  • 

• 

D  1 

* 

•  • 

l/>  •• 

W  rH 

rH 

3  1 

m 

rH  m 

r*  m 

lu 

<  i 

V 

r*  rH  rH 

1 

>  i 

CM  1 

CO 

i 

co  6* 

o 

i 

oo  2 

i 

• 

h  in  O  «Hr~  WHO  CM  O  rH 

ro  vd  vd  HNNOWHMoinwn  ro  v  vd  cm 
vd  winoooHwnoovoooHomvonovfvi' 

in  m  »H  CM  o  o  o  »H  o  o  o  o  o  o  o  o  o  o  o  CM  o  o  o  o  o 
OrHOOOOOOOOOOOOOOOOOOOOOOOO 


MOO 
in  VD  VD 


rH  r-  CO  H  H  CM 
HNCMOOlHhVDinwn 


co  cn 
O  ro  rH  VD  CM 


vvvvvvvvvv 


M  <  V 
55  &  vo  ? 

H  CO  X 


t  in  < 

rH  O)  I 

to  I  l 

o  m 

o  m  b 

VD  I  rH  | 
CM  EE  CO 


n  PO| 

H  W  H  O 


mo  rH  CO  CO  rH  O  *3*  0\ 

CM  vd  VD  HNNOOHrVDWWrO  ^romvDCM 
OVHOOHnWOO^OOOHOO^OWO^^ 
m^^^CMOOOrHOOOOOOOOOOOCMOOOOO 

rHfHVDOOOOOOOOOOOOOOOOOOOOOOO 


m  o  ro®  corvy  v  cn 

PO  VD  VD  HNWOOlHHWWOHn  rH  CO  CD  VD  CM 
WWnOOVfOWOO^OHHHOfOMMWmfvj1 
^^•mO'VrHOOrHOOOOOOOOOOOCMCOOOOO 

mrH^mcMOoooooooooooooooooooo 
r h  V  VD  VV  VV  VVV  VVVV  V  vv 


gj  «j  cncco  OH  I)  DU  O  3  MH  c  .Q  *H  M  «l 

2;KOZr»4ZUZrti^WU«OU55N<HD4^W>fflrtH 


<  VALUE-LIMIT  OF  DETECTION  DETERMINED  BY  INSTRUMENT  SENSITIVITY,  SAMPLE  DILUTION,  AND  MATRIX  INTERFERENCE. 

RESULTS  ACCURATE  TO  2  SIGNIFICANT  DIGITS  EPA/RSKERL/ADA,  OK 
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MADfi 
TECH Vi 


Ref:  95-DK8/vg 
May  8,  1995 


Dr.  Don  Kampbell 

R.S.  Kerr  Environmental  Research  Lab 
U.S.  Environmental  Protection  Agency 
P.0.  Box  1198 
Ada,  OK  74820 

THRU:  S.A.  VandegriftS^ 

Dear  Don: 


ijEME 

HAY  2  6  1995 


This  report  contains  the  results  of  my  GC/MSD  analysis  of 
methylene  chloride  extracts  of  core  samples  and  three  free 
floating  product  samples  (MW-4,  MW-5  and  GP-4)  from  Myrtle  Beach 
AFB  for  quantitation  of  benzene,  trichloroethylene  (TCE) , 
tetrachloroethylene  (PCE) ,  toluene,  ethylbenzene  (EB) ,  p-Xylene 
(p-X) ,  m-Xylene  (m-X) ,  o-Xylene  (o-X) ,  1, 3 , 5-trimethylbenzene 
(1,3,5-TMB),  1, 2 , 4-trimethylbenzene  (1,2,4-TMB),  1,2,3- 
trimethylbenzene  (1,2,3-TMB),  1, 2 ,4, 5-tetramethylbenzene, 

1, 2 , 3 , 5-tetramethylbenzene  and  1, 2, 3 , 4-tetramethylbenzene 
performed  under  Service  Request  #SF-1-107. 


The  analytical  method  was  a  modification  of  RSKSOP-124. 

Cool  (38°C)  on-column  injection  (0.5  /xl)  was  used  with  electronic 
pressure  control  set  for  a  constant  flow  of  0.9  ml/min.  A  30M  X 
0.25  mm  Restek  Stabilwax  (Crossbonded  Carbowax-PEG ,  0.5  /xm  film) 
capillary  GC  column  with  9  inch  long  X  0.53  mm  ID  uncoated 
capillary  precolumn  was  used.  Quantitation  was  based  on 
calibration  curves  of  selected  target  ions  (2  or  3  ions  ,  total 
area)  for  each  compound.  A  high  level  (5-500  /xg/ml)  and  low 
level  (0.05-5  /xg/ml)  calibration  curve  was  applied  to  each  sample 
for  quantitation.  Complete  reports  detailing  the  acquisition 
method  and  calibration  curves  have  been  recorded.  The  samples 
were  extracted  by  Mark  Blankenship  on  January  18,  1995  and 
analyzed  by  GC/MSD  on  March  15-16,  1995. 


If  I  can  be  of  further  assistance,  please  feel  free  to 
contact  me . 


xc: 


R.L.  Cosby  . 
J.L.  Seeley^ 
G.  Smith  (X 


Sincerely, 


ManTech  Environmental  Research  Services  Corporation 


R.S.  Kerr  Environmental  Research  Laboratory,  P.0.  Box  1 198, 919  Kerr  Research  Drive 
Ada,  Oklahoma  74821-1 198  405^436-8660  FAX  405-436-8501 
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APPENDIX  C 

MODEL  INPUT  PARAMETERS  AND  RELATED  CALCULATIONS 


l:\45022\cas\appendix.doc 


MEAN  ERROR,  MEAN  AVERAGE  ERROR,  AND  ROOT-MEAN-SQUARE 
ERROR  FOR  THE  CALIBRATED  FLOW  MODEL 
POL  BULK  FUEL  STORAGE  AREA,  IRP  SITE  SS-03 


INTRINSIC  REMEDIATION  CAS 


MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Location 

Actual 

Water  Level 

(h my 

Calibrated 

Water  Level 

hfli-hs 

abs(hm-ht) 

(hm-hs)2 

I  1 

MW-01 

20.5 

20.9 

0.36 

0.36 

0.13 

MP-10S 

21.5 

21.1 

-0.40 

0.40 

0.16 

MW-05 

21.8 

20.5 

-1.37 

1.37 

1.88 

GM-33 

21.5 

20.3 

-1.17 

1.17 

1.37 

MP-30S 

19.8 

19.0 

-0.75 

0.75 

0.56 

MP-8S 

20.7 

20.1 

-0.63 

0.63 

0.40 

GM-35 

20.5 

18.6 

-1.93 

1.93 

3.72 

GM-34 

20.8 

19.0 

-1.76 

1.76 

3.10 

GM-36 

19.9 

18.2 

-1.69 

1.69 

2.86 

MP-17S 

15.7 

15.8 

0.13 

0.13 

0.02 

MP-24S 

16.0 

17.4 

1.45 

1.45 

2.10 

MW-06 

13.7 

16.2 

2.46 

2.46 

6.05 

MP-36S 

18.1 

17.1 

-1.00 

1.00 

1.00 

MW-03 

19.5 

18.8 

-0.76 

0.76 

0.58 

MW-02 

18.8 

18.5 

-0.33 

0.33 

0.11 

MW-15S 

17.1 

16.8 

-0.26 

0.26 

0.07 

MP-21 

18.8 

18.0 

-0.84 

0.84 

0.71 

MP-22 

15.8 

17.7 

1.92 

1.92 

3.69 

MW-10 

15.21 

17.2 

1.99 

1.99 

3.96 

MW-07 

17.5 

15.8 

-1.70 

1.70 

2.89 

MW-11 

14.8 

15.6 

0.80 

0.80 

0.64 

Total: 

387.9 

382.5 

-5.48 

23.70 

35.98 

MEb/  = 

-0.26 

MAEC'  = 

1.13 

RMSd/  = 

1.31 

d  Water  levels  are  in  feet  mean-sea-level. 
w  ME  =  Mean  Error  =l/n  x  (hm-h,). 
d  MAE  =  Mean  Average  Error  =  1/n  x  |(hm-h,)|. 

*  RMS  =  Root-Mean-Square  (RMS)  Error  =  (1/n  x  (hm-h,)2)05. 
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Measured  Heads  vs.  Simulated  Heads 
Mytle  Beach  AFB,  South  Carolina 


FIRST-ORDER  RATE  CONSTANT  CALCULATION 
USING  TETRAMB  AS  A  CONSERVATIVE  TRACER 
POL  BULK  FUEL  STORAGE  AREA,  IRP  SITE  SS-03 
INTRINSIC  REMEDIATION  CAS 
MYRTLE  BEACH,  SOUTH  CAROLINA 


Location 

Easting 

(feet) 

Northing 

(feet) 

Distance 

Downgradient 

(m) 

Travel  Time 
Between 
Upgradient  and 
Downgradient 
Point* 
(days) 

Measured 

Total 

Btex 

Concentration 

(ug/L) 

1,2,3, 5- 

Tetramethylbenzene 

Concentration 

(ug/L) 

Tetramethylbenzene- 

Corrected 

Total  BTEX 
Concentration 
(ug/L) 

MW-4 

2625687.9 

251037.1 

0 

0 

5339.0 

18.1 

5339 

MW-2 

2625297.2 

250975.2 

130 

1708 

298.0 

2.2 

2497 

MP-15S  2625127.1 

250940.6 

187 

2457 

60.6 

1.3 

101 

*  Assumes  a  contaminant  velocity  of 0.076  m/day  (approximate  gradient  is  0.01 19  m/m,  K~  1.5  m/day) 


PLOT  OF  TETRAMB-CORRECTED  TOTAL  BTEX 
CONCENTRATION  VERSUS  TRAVEL  TIME 


C,  =  C0ekl 

where:  Ci  =  tetramethylbenzene  corrected  BTEX  concentration  (mg/L) 
Co  =  original  observed  BTEX  concentration  (mg/L) 
t  =  travel  time  between  points  (days) 
k  =  first-order  biodegradation  rate  coefficient  (day'1) 

The  estimated  biodegradation  rate  from  the  above  plot  is  0.0014  day'1 
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Total  BTEX  Concentration  (ug/L) 


FIRST-ORDER  RATE  CONSTANT  CALCULATION 
USING  THE  METHOD  OF  BUSCHECK  AND  ALCANTAR 

POL  BULK  FUEL  STORAGE  AREA,  IRP  SITE  SS-03 
INTRINSIC  REMEDIATION  CAS 
MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Point* 

Easting 

(feet) 

Northing 

(feet) 

Distance 

Downgradient  (m) 

Total  BTEX  (pg/L) 
Jan-95 

MW-4 

2625687.9 

251037.07 

0 

5339 

MW-2 

2625297.2 

250975.16 

121 

298 

MP-15S 

2625127.1 

250940.56 

173 

60.6 

*  Points  chosen  to  represent  contaminant  attenuation  from  edge  of  LNAPL 
to  the  western  plume  front 


PLOT  OF  TOTAL  BTEX  CONCENTRATION 
VERSUS  DISTANCE 


X  =  ve/4ax([l+2ax(k/vx)]2-l) 

where  vc  =  0.076  m/day  (approximate  gradient  is  0.0119  m/m,  K  ~  1.5  m/day) 

a*  =  2.438  m  (Literature;  ~  1/10  the  length  of  the  plume) 

k/v  =  0.0255  %/m  (lst-order  curve  fit  above) 

therefore  X  =  0.0021 
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Thornthwaite ' s  Formula  for  Estimating  Potential 

Evapotranspiration 
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The  Thornthwaite  formula  for  monthly  potential  evapotranspi¬ 
ration,  in  millimeters  per  month,  is 
ETp(mm)  =  16  ( 100/1 ) a  x  FU) 

Where  0  is  the  mean  temperature  for  the  month  (°C) 

a  =  6 . 75x10" 7I3  -  7 . 71x10 “ s 1 2  +  1.79xl0_2I  +  0.49239 
I  is  an  "annual  thermal  index"  equal  to  the  sum  of  monthly 
indexes  i 
i  =  ( 0/5)i *514 

FU)  is  a  correction  coefficient  which  depends  on  latitude 
and  month.  Values  of  F(A.)  are  given  in  Table  A. 1.1  of  de 
Marsily  (copy  included) 

For  values  of  temperature,  t,  in  °F  and  potential  evapotranspira¬ 
tion  in  inches,  ETp(in),  the  equations  are 
ETp(in)  =  0 . 63  [  50  ( t— 32  )  /  (  91)  ] a  x  F(/t) 
i  =  [ ( t— 32 ) /9 ] 1 ♦ s 1 4 

Tables  l.l  and  1.2,  at  the  end  of  this  handout,  list  i  for  month¬ 
ly  temperatures  in  °F  and  °C. 

Thornthwaite  (1948)  states  that  the  equations  for  potential 
evapotranspiration  given  above  should  only  be  used  for  months  in 
which  temperatures  are  26.5°C  (79.7°F)  or  less.  Table  1.3  gives 
values  of  ETp  for  temperatures  from  26.5-38.0  °C  (79 .7-100 . 4°F) . 


Table  A.  1.1. 

Correction  Coefficient  F(/l)  Depending  on  the  Latitude  and  the  Month 


Lat.  N. 

J 

F 

M 

A 

M 

0 

1.04 

0.94 

1.04 

1.01 

1.04 

5 

1.02 

0.93 

1.03 

1.02 

1.06 

10 

1.00 

0.91 

1.03 

1.03 

1.08 

15 

0.97 

0.91 

1.03 

1.04 

1.11 

20 

0.95 

0.90 

1.03 

1.05 

1.13 

25 

0.93 

0.89 

1.03 

1.06 

1.15 

26 

0.92 

0.88 

1.03 

1.06 

1.15 

27 

0.92 

0.88 

1.03 

1.07 

1.16 

28 

0.91 

0.88 

1.03 

1.07 

1.16 

29 

0.91 

0.87 

1.03 

1.07 

1.17 

30 

0.90 

0.87 

1.03 

1.08 

1.18 

31 

0.90 

0.87 

1.03 

1.08 

1.18 

32 

0.89 

0.86 

1.03 

1.08 

1.19 

33 

0.88 

0.86 

1.03 

1.09 

1.19 

34 

0.88 

0.85 

1.03 

1.09 

1.20 

35 

0.87 

0.85 

1.03 

1.09 

1.21 

36 

0.87 

0.85 

1.03 

1.10 

1.21 

37 

0.86 

0.84 

1.03 

1.10 

1.22 

38 

0.85 

0.84 

1.03 

1.10 

1.23 

39 

0.85 

0.84 

1.03 

1.11 

1.23 

40 

0.84 

0.83 

1.03 

1.1 1 

1.24 

41 

0.83 

0.83 

1.03 

1.11 

1.25 

42 

0.82 

0.83 

1.03 

1.12 

1.26 

43 

.0.81 

0.82 

1.02 

1.12 

1.26 

44 

0.81 

0.82 

1.02 

1.13 

1.27 

45 

0.80 

'  0.81 

1.02 

1.13 

1.28 

46 

0.79 

0.81 

1.02 

1.13 

1.29 

47 

0.77 

0.80 

1.02 

1.14 

1.30 

48 

0.76 

0.80 

1.02 

1.14 

1.31 

49 

0.75 

0.79 

1.02 

1.14 

1.32 

50 

0.74 

0.78 

1.02 

1.15 

1.33 

Lat.  S. 

5 

1.06 

0.95 

1.04 

1.00 

1.02 

10 

1.08 

0.97 

1.05 

0.99 

1.01 

15 

1.12 

0.98 

1.05 

0.98 

0.98 

20 

1.14 

1.00 

1.05 

0.97 

0.96 

25 

1.17 

1.0 1 

1.05 

0.96 

0.94 

30 

1.20 

1.03 

1.06 

0.95 

0.92 

35 

1.23 

1.04 

1.06 

0.94 

0.89 

40 

1.27 

1.06 

1.07 

0.93 

0.86 

42 

1.28 

1.07 

1.07 

0.92 

0.85 

44 

1.30 

1.08 

1.07 

0.92 

0.83 

46 

1.32 

1.10 

1.07 

0.91 

0.82 

48 

1.34 

1.11 

1.08 

0.90 

0.80 

50 

1.37 

1.12 

1.08 

0.89 

0.77 

J 

J 

A 

S 

O 

N 

D 

1.01 

1.04 

1.04 

1.01 

1.04 

1.01 

1.04 

1.03- 

1.06 

1.05 

1.01 

1.03 

0.99 

1.02 

1.06 

1.08 

1.07 

1.02 

1.02 

0.98 

0.99 

1.08 

1.12 

1.08 

1.02 

1.01 

0.95 

0.97 

1.11 

1.14 

1.11 

1.02 

1.00 

0.93 

0.94 

1.14 

1.17 

1.12 

1.02 

0.99 

0.91 

0.91 

1.15 

1.17 

1.12 

1.02 

0.99 

0.91 

0.91 

1.15 

1.18 

1.13 

1.02 

0.99 

0.90 

0.90 

1.16 

1.18 

1.13 

1.02 

0.98 

0.90 

0.90 

1.16 

1.19 

1.13 

1.03 

0.98 

0.90 

0.89 

1.17 

1.20 

1.14 

1.03 

0.98 

0.89 

0.88 

1.18 

1.20 

1.14 

1.03 

0.98 

0.89 

0.88 

1.19 

1.21 

1.15 

1.03 

0.98 

0.88 

0.87 

1.20 

1.22 

1.15 

1.03 

0.97 

0.88 

0.86 

1.20 

1.22 

•1.16 

1.03 

0.97 

0.87 

0.86 

1.21 

1.23 

1.16 

1.03 

0.97 

0.86 

0.85 

1.22 

1.24 

1.16 

1.03 

0.97 

0.86 

0.84 

1.23 

1.25 

1.17 

.  1.03 

0.97 

0.85 

0.83 

1.24 

1.25 

1.17 

1.04 

0.96 

0.84 

0.83 

1.24 

1.26 

1.18 

1.04 

0.96 

0.84 

0.82 

1.25 

1.27 

1.18 

1.04 

0.96 

0.83 

0.81 

1.26 

1.27 

1.19 

1.04 

0.96 

0.82 

0.80 

1.27 

1.28 

1.19 

1.04 

0.95 

0.82 

0.79 

1.28 

129 

1.20 

1.04 

0.95 

0.81 

0.77 

1.29 

1.30 

1.20 

1.04 

0.95 

0.80 

0.76 

1.29 

1.31 

1.21 

1.04 

0.94 

0.79 

0.75 

1.31 

1.32 

1.22 

1.04 

0.94 

0.79 

0.74 

1.32 

1.33 

1.22 

1.04 

0.93 

0.78 

0.73 

1.33 

1.34 

1.23 

1.05 

0.93 

0.77 

0.72 

1.34 

1J5 

1.24 

1.05 

0.93 

0.76 

0.71 

1.36 

1.37 

1.25 

1.06 

0.92 

0.76 

0.70 

0.99 

1.02 

1.03 

1.00 

1.05 

1.03 

•  1.06 

0.96 

1.00 

1.01 

1.00 

1.06 

1.05 

1.10 

0.94 

0.97 

1.00 

1.00 

1.07 

1.07 

1.12 

0.91 

0.95 

0.99 

1.00 

1.08 

1.09 

1.15 

0.88 

0.93 

0.98 

1.00 

1.10 

1.11 

1.18 

0.85 

0.90 

0.96 

1.00 

1.12 

1.14 

1.21 

0.82 

0.87 

0.94 

1.00 

1.13 

1.17 

1.25 

0.78 

0.84 

0.92 

1.00 

1.15 

1.20 

1.29 

0.76 

0.82 

0.92 

1.00 

1.16 

1.22 

1.31 

0.74 

0.81 

0.91 

0.99 

1.17 

1.23 

1.33 

0.72 

0.79 

0.90 

0.99 

1.17 

1.25 

1.35 

0.70 

0.76 

0.89 

0.99 

1.18 

1.27 

1.37 

0.67 

0.74 

0.88 

0.99 

1.19 

1.29 

1.41 

•  Thomthwaite’s  formula,  from  Brochet  and  Gerbier(1974). 
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Table  l.l  -  Monthly  indexes, 


T°C 

0 

o 

o 

0  . 

10 

0 

.  20 

0 

.30 

0 

.  40 

0 

0. 

00 

0 

.01 

0 

.01 

0 

.02 

1 

0 

.  09 

0. 

10 

0 

.  12 

0 

.  13 

0 

.  15 

2 

0 

.  25 

0. 

27 

0 

.  29 

0 

.31 

0 

.  33 

3 

0 

.46 

0. 

49 

0 

.  51 

0 

.53 

0 

.  56 

4 

0 

.71 

0  . 

74 

0, 

.  77 

0 

.80 

0 

.  82 

5 

1 

.  00 

1  . 

03 

1 

.06 

1 

.09 

1 

.12 

6 

1 

.32 

1  . 

35 

1 , 

.39 

1 

.42 

1 , 

.  45 

7 

1 

.  66 

1  . 

70 

1 , 

.  74 

1 

.77 

1 , 

.  81 

8 

2 

.04 

2  . 

08 

2  , 

.11 

2 

.  15 

2. 

.  19 

9 

2 

.  44 

2  . 

48 

2  , 

.  52 

2 

.56 

2  . 

.  60 

10 

2 

.  86 

2  . 

90 

2  , 

.94 

2  . 

.99 

3, 

.03 

11 

3 

.  30 

3  . 

34 

3  , 

.  39 

3. 

.44 

3, 

.  48 

12 

3  , 

.76 

3  . 

81 

3, 

.86 

3  , 

.91 

3  , 

.  96 

13 

4  , 

.  25 

4  . 

30 

4  , 

.  35 

4  , 

.40 

4  . 

.  45 

14 

4  , 

.75 

4. 

80 

4  , 

.86 

4  . 

.91 

4, 

.96 

15 

5  , 

.  28 

5. 

33 

5  , 

.38 

5  . 

.44 

5  . 

.  49 

16 

5  , 

.82 

5  . 

87 

5, 

.93 

5, 

.98 

6. 

.  04 

17 

6  . 

.  38 

6. 

43 

6, 

.  49 

6  , 

.55 

6. 

.  61 

18 

6  , 

.  95 

7  . 

01 

7. 

.07 

7. 

,  13 

7. 

.  19 

19 

7  , 

.  55 

7. 

61 

7. 

,  67 

7  , 

.73 

7  , 

,  79 

20 

8  , 

.  16 

8. 

22 

8  . 

,28 

8  . 

,34 

8  . 

.41 

21 

8  . 

.  78 

8  . 

85 

8  . 

.91 

8  . 

.97 

9  , 

.  04 

22 

9  . 

.  42 

9  . 

49 

9. 

,  55 

9  , 

,62 

9  . 

.  68 

23 

10  . 

.  08 

10. 

15 

10. 

,  21 

10  . 

.  28 

10, 

.  35 

24 

10. 

,75 

10. 

82 

10. 

89 

10, 

,95 

11  , 

.02 

25 

11  . 

.  44 

11  . 

50 

11  . 

57 

11 . 

,  64 

11  , 

.71 

26 

12  . 

.  13 

12  . 

21 

12  . 

,  28 

12  , 

,35 

12, 

,42 

27 

12  . 

.  85 

12. 

92 

12. 

99 

13  . 

.07 

13  . 

.  14 

28 

13  , 

.  58 

13. 

65 

13. 

72 

13  . 

,  80 

13. 

,  87 

29 

14  . 

.32 

14  . 

39‘ 

14  . 

47 

14  . 

.  54 

14  , 

.  62 

30 

1  5  . 

,07 

15  . 

15 

15. 

22 

15  . 

,30 

15  , 

,  38 

31 

15  . 

,  84 

15  . 

91 

15  . 

99 

16. 

.07 

16. 

.  15 

32 

16  . 

62 

16  . 

70 

16. 

77 

16  . 

,  85 

16  . 

.93 

33 

17  . 

.41 

17. 

49 

17  . 

57 

17  . 

,  65 

17  . 

,  73 

34 

18  . 

21 

18  . 

30 

18  . 

38 

18  . 

,  46 

18  . 

,  54 

'35 

19  . 

03 

19  . 

11 

19  . 

20 

19  . 

,  28 

19  , 

,  36 

36 

19  . 

86 

19  . 

94 

20. 

03 

20  . 

,  11 

20  , 

,  20 

37 

20  . 

70 

20  . 

79 

20. 

87 

20  . 

,96 

21  . 

,  04 

38 

21  . 

56 

21  . 

64 

21  . 

73 

21  . 

8  1 

21  . 

90 

39 

22  . 

42 

22  . 

51 

22  . 

59 

22  . 

,  68 

22  . 

,  77 

40 

23  . 

30 

23  . 

38 

23  . 

47 

23  . 

.56 

23  . 

65 

i,  for  mean  temperature  in  °C 


0 . 50 

0.60 

0.70 

0.80 

0 . 90 

0 . 03 

0.04 

0 . 05 

0.06 

0 . 07 

0 . 16 

0. 18 

0 . 20 

0 .21 

0 . 23 

0 . 35 

0.37 

0 . 39 

0 . 42 

0 . 44 

0 . 58 

0.61 

0 . 63 

0.66 

0 . 69 

0 . 85 

0.88 

0.91 

0.94 

0 . 97 

1  .  16 

1 . 19 

1 . 22 

1 . 2‘5 

1 . 28 

1 . 49 

1 . 52 

1 .56 

1 .59 

1 . 63 

1 . 85 

1 . 89 

1 .92 

1 .96 

2 . 00 

2 . 23 

2.27 

2.31 

2 . 35 

2 . 39 

2 . 64 

2 . 68 

2 . 73 

2.77 

2 . 81 

3 . 08 

3 . 12 

3 . 16 

3.21 

3 . 25 

3 . 53 

3 . 58 

3 . 62 

3.67 

3 . 72 

4 . 00 

4.05 

4 . 10 

4.15 

4 . 20 

4 . 50 

4.55 

4 . 60 

4 . 65 

4 . 70 

5 .01 

5.07 

5.12 

5 . 17 

5 . 22 

5 . 55 

5.60 

5.65 

5.71 

5.76 

6.10 

6.15 

6.21 

6 . 26 

6.32 

6 . 66 

6.72 

6 . 78 

6.84 

6 . 90 

7 . 25 

7.31 

7 . 37 

7.43 

7 . 49 

7 . 85 

7.91 

7 . 97 

8.03 

8 . 10 

8.47 

8 . 53 

8 . 59 

8.66 

8.72 

9 . 10 

9 . 16 

9 . 23 

9 . 29 

9 . 36 

9 . 75 

9.81 

9 .88 

9.95 

10 .01 

10 .41 

10.48 

10 . 55 

10.61 

10 . 68 

11.09 

11.16 

11.23 

11.30 

11.37 

11 . 78 

11 . 85 

11.92 

11.99 

12 . 06 

12 . 49 

12 . 56 

12 . 63 

12.70 

12.78 

13 . 21 

13.23 

13 . 36 

13.43 

13 . 50 

13 . 94 

14 . 02 

14 . 09 

14 . 17 

14 . 24 

14 . 69 

14 . 77 

14.84 

14.92 

14 . 99 

15 . 45 

15 . 53 

15.61 

15.68 

15.76 

16 . 23 

16.30 

16.38 

16.46 

16 . 54 

17.01 

17.09 

17.17 

17.25 

17 . 33 

17 .81 

17 . 89 

17 . 97 

18.05 

18 . 13 

18 . 62 

18.70 

18.79 

18.87 

18 .95 

19 . 44 

19 . 53 

19 .61 

19 . 69 

19.78 

20 . 28 

20.36 

20 . 45 

20.53 

20 . 62 

21  .  13 

21.21 

21.30 

21.38 

21.47 

21.99 

22 . 07 

22.16 

22 . 25 

22 . 33 

22 . 86 

22.94 

23 . 03 

23 . 12 

23 .21 

23 . 74 

23 .33 

23 .92 

24.00 

24.09 

Table  1.2  -  Monthly  Indexes,  1,  for  mean  temperature  in  °F 


T°F 

0  . 

00 

0  . 

20 

0  * 

40 

0. 

60 

0  . 

80 

T°F 

0  . 

00 

0  . 

02 

0  . 

04 

0  . 

06 

0  . 

08 

32 

0. 

00 

0. 

01 

0. 

02 

0. 

03 

66 

7  . 

48 

7  . 

55 

7  . 

61 

7  . 

68 

7  . 

75 

33 

0  . 

04 

0  . 

05 

0  . 

06 

0. 

07 

0  . 

09 

67 

7  . 

82 

7  . 

88 

7  . 

95 

8  . 

02 

8  . 

09 

34 

0. 

10 

0. 

12 

0  . 

14 

0. 

15 

0. 

17 

68 

8  . 

16 

8  . 

23 

8  . 

29 

8  . 

36 

8  . 

35 

0  . 

19 

0  . 

21 

0. 

23 

0  . 

25 

0  . 

27 

69 

8  . 

50 

8  . 

57 

8  . 

64 

8  . 

71 

8  . 

'7#. 

36 

0. 

29 

0  . 

32 

0. 

34 

0  . 

36 

0. 

39 

70 

8  . 

85 

8  . 

92 

8  . 

99 

9  . 

07 

9  . 

14^ 

37 

0  . 

41 

0  . 

44 

0. 

46 

0  . 

49 

0. 

51 

71 

9  . 

21 

9  . 

28 

9  . 

35 

.  9  . 

42 

9  . 

50 

38 

0. 

54 

0  . 

,  57 

0. 

60 

0. 

.63 

0. 

65 

72 

9  . 

57 

9  . 

64 

9  . 

71 

*  9  . 

79 

9  . 

86 

39 

0  . 

68 

0  . 

.71 

0  . 

74 

0  . 

77 

0  . 

81 

73 

9  . 

93 

10  . 

01 

10  . 

08 

10  . 

15 

10  . 

23 

40 

0. 

84 

0  . 

,  87 

0  . 

90 

0. 

.93 

0. 

,97 

74 

10  . 

30 

10  . 

38 

10. 

45 

10. 

52 

10. 

60 

41 

1  - 

00 

1 . 

.  03 

1 . 

07 

1  . 

10 

1 . 

,  14 

75 

10  . 

67 

10  . 

75 

10  . 

83 

10  . 

90 

10  . 

98 

42 

1  . 

17 

1 . 

.21 

1 . 

24 

1  . 

.28 

1 . 

,32 

76 

11  . 

,05 

11  . 

13 

11  . 

21 

11  . 

28 

11 . 

,  36 

43 

1  . 

36 

1 , 

.  39 

1 . 

.43 

1  . 

,  47 

1 . 

,51 

77 

11  . 

,  44 

11  . 

51 

11  . 

59 

11  . 

67 

11 . 

.74 

44 

1  . 

55 

1 . 

,59 

1 . 

,  62 

1  . 

.66 

1 , 

.70 

78 

11  . 

.82 

11  . 

,  90 

11  . 

,98 

12  . 

,06 

12  , 

,  13 

45 

1  . 

75 

1 , 

,79 

1 . 

,  83 

1  . 

.  87 

1 . 

.91 

79 

12  , 

.21 

12  . 

29 

12  . 

,  37 

12  . 

,45 

12  , 

.  53 

46 

1  . 

95 

1 . 

.99 

2. 

.04 

2. 

.08 

2. 

.  12 

80 

12. 

.61 

12  . 

,69 

12. 

,77 

12  . 

,  85 

12  , 

.93 

47 

2  . 

17 

2  ( 

.21 

2  . 

.26 

2  . 

.30 

2  , 

.34 

81 

13  , 

.01 

13  . 

,  09 

13  . 

,  17 

13  . 

.  25 

13  , 

.  33 

48 

2. 

39 

2, 

.  44 

2, 

.48 

2. 

.53 

2. 

.  57 

82 

13  , 

.41 

13  , 

,  49 

13  . 

.58 

13, 

.  66 

13 

.74 

49 

2  . 

62 

2  . 

.67 

2  , 

.71 

2  , 

.76 

2  . 

.81 

83 

13  . 

.  82 

13  . 

,90 

13  . 

,99 

14, 

.07 

14 

.  15 

50 

2. 

86 

2  . 

.90 

2  . 

.95 

3. 

.00 

3. 

.05 

84 

14  , 

.  23 

14  , 

.32 

14  , 

.  40 

14 

.48 

14 

.57 

51 

3  . 

10 

3  . 

.  15 

3  . 

.  20 

3  , 

.  25 

V*  i 

.30 

85 

14  , 

.  65 

14  , 

.73 

14  , 

.82 

14 

.90 

14 

.99 

52 

3  . 

35 

3, 

.  40 

3  , 

.  45 

3 

.50 

3 

.  55 

86 

15 

.07 

15 

.  15 

15 

.24 

15 

.32 

15 

.41 

53 

3  . 

61 

3  , 

.  66 

3  , 

.71 

3 

.76 

3 

.  82 

87 

15 

.  49 

15 

.  58 

15 

.  67 

15 

.  75 

15 

.  84 

54 

3. 

87 

3 

.92 

3, 

.98 

4 

.03 

4 

.  09 

88 

15 

.92 

16 

.01 

16 

.  10 

16 

.  18 

16 

.  27 

55 

4  . 

14 

4  , 

.  19 

4  , 

.25 

4 

.  30 

4 

.36 

89 

16 

.  36 

16 

.  44 

16 

.53 

16 

.  62 

16 

.  70 

56 

4  . 

41 

4 

.  47 

4  . 

.53 

4 

.  58 

4 

.  64 

90 

16 

.79 

16 

.  88 

16 

.97 

17 

.  06 

17 

.  14 

57 

4  . 

70 

4 

.75 

4. 

.81 

4 

.  87 

4 

.93 

91 

17 

.  23 

17 

.  32 

17 

.41 

17 

.50 

17 

.  59 

58 

4  . 

98 

5 

.04 

5 

.  10 

5 

.  16 

5 

.  22 

92 

17 

.  68 

17 

.  77 

17 

.  86 

17 

.94 

18 

.  03 

59 

5  . 

28 

5 

.34 

5 

.  40 

5 

.  46 

5 

.52 

93 

18 

.  12 

18 

.21 

18 

.  30 

18 

.  40 

18 

60 

5  . 

58 

5 

.  64 

5 

.70 

5 

.76 

5 

.  82 

94 

18 

.  58 

18 

.  67 

18 

.  76 

18 

.85 

18 

61 

5  . 

88 

5 

.94 

6 

.00 

6 

.06 

6 

.  13 

95 

19 

.03 

19 

.  12 

19 

.  22 

19 

.31 

19 

.  40^ 

62 

6  . 

19 

6 

.  25 

6 

.31 

6 

.38 

6 

.  44 

96 

19 

.  49 

19 

.  58 

19 

.  68 

19 

.77 

19 

.  86 

63 

6  . 

50 

6 

.  57 

6 

.  63 

6 

.70 

6 

.76 

97 

19 

.95 

20 

.  05 

20 

.  14 

20 

.  23 

20 

.33 

64 

6  . 

82 

6 

.  89 

6 

.95 

7 

.02 

7 

.  08 

98 

20 

.42 

20 

.51 

20 

.  61 

20 

.70 

20 

.  80 

65 

7  , 

15 

7 

.22 

7 

.  28 

7 

.  35 

7 

.41 

99 

20 

.  89 

20 

.  99 

21 

.  08 

21 

.  17 

21 

.  27 

L  A 


Table  1.3  -  Potential  evapotranspiration  for  temperatures 

greater  than  26.5  °C 


T  (  °C ) 

ET  (mm) 

T (  °F ) 

ET  (in) 

26 . 5 

135.0 

79 . 7 

5.315 

27.0 

139.5 

80.6 

5.492 

27.5 

143.7 

81.5 

5.657 

28.0 

147.8 

82.4 

5.819 

28 . 5 

151.7 

83.3 

5.972 

29.0 

155 . 4 

84 . 2 

6.118 

29 . 5 

158 .9 

85.1 

6.256 

30.0 

162 . 1 

86.0 

6.382 

30.5 

165.2 

86.9 

6.504 

31.0 

168 . 0 

87 . 8 

6.614 

31 . 5 

170.7 

88.7 

6.720 

32.0 

173 . 1 

89.6 

6.815 

32.5 

175.3 

90.5 

6.902 

33.0 

177.2 

91.4 

6.976 

33.5 

179.0 

92.3 

7.047 

34.0 

180.5 

93 . 2 

7.106 

34.5 

181 . 8 

94.1 

7.157 

35.0 

182 . 9 

95.0 

7.201 

35 . 5 

183.7 

95.9 

7.232 

36.0 

184 . 3 

96.8 

7 . 256 

36 . 5 

184.7 

97.7 

7.272 

37.0 

184 . 9 

98 . 6 

7.280 

37 . 5 

185.0 

99.5 

7 . 283 

38.0 

185.0 

100.4 

7 . 283 

Blaney  and  Criddle  Formula  for  Consumptive  Use 
(Evapotranspiration) 

Reference : 

Blaney,  H.  7.  and  W.  D.  Criddle,  Determining  water  require¬ 
ments  in  irrigated  areas  from  climatological  and  irrigation  data, 
Soil  Conservation  Service  Technical  Paper  96,  revised  1952,  pp. 
14-18 . 

The  empirical  formulas  developed  by  Thornthwaite  were  based 
on  data  for  relatively  humid  areas.  For  arid  areas,  requiring 
irrigation  for  agriculture,  Blaney  and  Criddle  developed  an 
alternative  formula  that  relates  potential  evapotranspiration  to 
the  type  of  crop  planted.  Their  basic  formula  is  as  follows: 
u  =  kf 

where  u  is  the  monthly  consumptive  use  (evapotranspiration)  in 
inches 

f  =  (txp)/100  the  monthly  consumptive  use  factor 
t  =  mean  monthly  temperature,  °F 

p  =  monthly  percent  of  daytime  hours  of  the  year 
k  =  monthly  consumptive  use  coefficient 
A  graph  of  monthly  percent  of  daytime  hours  of  the  year  is  in¬ 
cluded  as  well  as  a  table  (labeled  Table  3)  of  consumptive  use 
coefficients  for  various  crops,  averaged  over  the  growing  season. 
Consumptive  use  is  presumably  minimal  except  during  the  growing 
season. 


Soil  Moisture  Retention 

The  table  labeled  Table  3  gives  estimates  of  the  soil 
moisture  retained  in  the  root  zone  (soil  moisture  storage 
capacity)  for  various  soil  types  and  vegetation  types.  Note  that 
soil  moisture  retention  increases  with  decreasing  grain  size, 
from  1.2  in/ft  for  sandy  soil  to  3.6  in/ft  for  clayey  soil,  and 
with  increasing  depth  of  the  root  zone. 


Tubie  3*. — Consumptive- use  coefficients  (K)  for  irrigated 
crops  in  western  States 


Length  of 
growing  season 
or  period 


Consumptive-use 

coefficient1 

(X) 


Alfalfa 
Alfalfa.  . 

Seans 

Corn 

Cotton 

Flax... 

-  Grains,  small 
Grain  (Spring) 

Grain  sorghums  * 

Orchard,  citrus 
Orchard,  walnuts  . 
Orchard,  deciduous 
•  Pasture,  grass 
Pasture!  Ladino  clover 
Peas 
Potatoes 

Rice  •  ■ 

Sugar  beets 

Sugarcane  (Puerto  Rico) 

Tomatoes 

Truck  -  small 


Between  frosts 
Pre frost  period 


0.80  to  0.85 
.60 


3  months 

.  60  to 

70. 

4  months 

•  7S  to  . 

85 

7  months 

.60  to 

.63 

7  to  8  months 

.80 

3  months 

.75  to 

.85 

3  months 

.70 

4  to  5  months 

.70 

7  months 

.50  to 

.65 

Between  frosts 

.70 

Between  frosts 

.60  to 

.70 

Between  frosts 

.75 

Between  frosts 

.80  to 

.35 

2  months 

.80 

3%  months 

.65  to 

.75 

3  to  5  months 

.85  to 

1.20 

6  months 

.65  to 

.75 

Annual 

.80 

4  months 

.70 

3  months 

.60 

^  t 

lAverage  for  the  growing  season  or  period.  Consurrptrve-use  coefficients  v  ^  arc**- 
out  the  growing  season  (see  Table  8).  The  lower  values  of  K  are  for  coasta 
the  higher  values  for  areas  with  an  arid  climate. 


TABLE  10 


PROVISIONAL  WATER  HOLDING  CAPACITIES  WITH  DIFFERENT  COMBINATIONS 
OF  SOIL  AND  VEGETATION 


Applicable  Soil  moisture 


Soil  Type 

Available  Water 

.  Boot 

ZONE 

Retcbtion  Table 

mm/m 

i  »/n 

PT 

MM 

IN 

Shallow-rooted  CROPS 

(SPIRACH 

.  PEAS,  BEAMS, 

BEETS.  CARROTS,  ETC.) 

Fire  saho 

100 

1.2 

.50 

1.67 

50 

2.0 

Fire  saroy  loam 

150 

1.8 

.50 

1.67 

75 

3.0 

Silt  loam 

200 

2.4 

.62 

2.08 

125 

5.0 

Clay  loam 

250 

3.0  . 

.40 

1.33 

100 

4.0 

Clay 

300 

3.5 

.25 

.83 

75 

3.0 

MOOERATELY  OEEP-ROOTEfi  CROPS 

(cob  m,  cotton. 

TOBACCO,  CEREAL  SRAIRS) 

Fine  samo 

100 

1.2 

.75 

2.60 

75 

3.0 

Fire  saroy  loam 

150 

1.8 

1.00 

3.23 

150 

6.0 

Silt  loam 

200 

2.4 

1.00 

3.33 

200 

e.o 

Clay  loam 

25C 

3.0 

.80  * 

2.  67 

200 

8.  u 

Clay 

300 

3.6 

.50 

'  1.67 

1 50 

6.0 

Deep-booted  chops  (alfalfa,  pastuies,  shrubs) 

FtRE  SAHO 

ICO 

1.2 

1.00 

3.33 

100 

4.0 

FlR£  SAROY  LOAM 

150 

1.8 

1.00 

3.33 

150 

6.0 

Silt  loam 

200 

2.4 

1.25 

4.17 

250 

10.0 

Clay  loam 

250 

3.0 

1.00 

3.33 

250 

10.0 

Clay 

300 

3.6 

•  67 

2.22 

200 

8.0 

Orchards 

Fire  sand 

100 

1.2 

1.50 

5.00 

150 

6.0 

Fire  sa*ot  loam 

150 

1.8 

1.67 

5.55 

250 

10.0 

Silt  loam 

200 

2*4 

1.50 

5.00 

300 

12.0 

Clay  loam 

250 

3.0 

1.00 

3.33 

250 

10.0 

Clay 

300 

3.  6 

.67 

2.22 

200 

6.0 

Closed  mature  forest 

Fire  saho 

100 

1.2 

2.50 

e.33 

250 

10.0 

Fire  saroy  loam 

150 

1.8 

2.00 

6.  66 

300 

12.0 

Silt  loam 

200 

2.4 

2.00 

6.65 

400 

16.0 

Clay  loam 

250 

3.0 

1.60 

5.33 

400 

16.0 

Clay 

300 

3.6 

1.17 

3.  90 

350 

14.0 

These  figures 

ARE  PCS 

MATURE  VEGETATIOR.  YOUNG 

CULTIVATED  CROPS,  SEEOLIRGS,  AND 

OTHER  IMMATURE  VEGETATION  WILL  RAVE  SHALLOWER 

ROOT  ZONES  A  NO,  HENCE, 

NAVE  LESS 

WATER 

AVAILABLE  FOR  THE  USE  OF  THE 

VEGETATIOR. 

AS 

THE  PLANT 

DEVELOPS  FROM 

A  3EE0  OR 

A  YOUNG 

SPROUT  TO  THE  MATURE 

FORM,  THE  ROOT  ZORE  WILL 

increase 

PROGRESSIVELY 

FROM  ORLY 

A  FEW 

IRCHCS  TO  THE  VALUES 

LISTED 

above.  Use  of 

A 

SERIES  OF 

SOIL  MOISTURE 

RETENTION 

TABLES 

WITH  SUCCESSIVELY  INCREASING  VALUES  OP  AVAILABLE  MOISTURE  PERMITS  THE  SOIL  MOISTURE  TO 
IE  OCTERMt  RED  THROUGHOUT  THE  GROWING  SEASON. 
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EXAMPLE  SOURCE  TERM  CALCULATION  FOR  SMALL  LNAPL  SOURCE 
APPROXIMATE  FREE-PRODUCT  RADIUS  (RO  =  59  FEET 
(MODEL  MB1  -  REMEDIAL  ALTERNATIVE  1) 

POL  BULK  FUEL  STORAGE  SITE 
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SOURCE  TERM  CALCULATION  FOR  RESIDUAL  SOIL  CONTAMINATION 


Cw=Cf/Kfw,  or  column  (E)  /  column  (F) 

Assumes  a  5-percent  recharge  of  annual  precipitation  (49.8  inches  per  year;  Section  3). 
Calculated  as  0.0005685  ft3/day  x  column  (G)  /  0.03532  L  per  ft3. 


Spreadsheet  Used  To  Estimate  5  Year  Mass  Loss  Rates  and  The  Changing  Concentration  of 
BTEX  in  Weathering  LNAPL  of  the  Large  Source  Plume  in  the  Proximity  of  MW-4  and  MW-5 
(For  Model  MB1,  Alternative  1:  This  Spreadsheet  Used  for  following  spreadsheets  that 
Estimated  Injection  Well  Concentrations  of  BTEX) 

This  spreadsheet  was  used  to  estimate  changing  concentrations  of  BTEX  in  LNAPL  due  to  mass 
transport  to  groundwater.  Volatilization  losses  were  neglected.  Furthermore,  the  starting  volume  of 
LNAPL  was  estimated  at  19,000  cubic  feet  or  538004  liters  and  all  concentrations  of  BTEX  in  LNAPL 
(or  Cf)  were  estimated  using  this  volume.  The  volume  of  LNAPL  was  assumed  to  remain  the  same 
because  the  volumes  of  BTEX  removed  every  5  years  were  below  0.09  percent.  This  spreadsheet  was  tied 
into  spreadsheet  l:45022\model\sorsstrg.xls  to  estimate  "mass  loss  rates"  every  5  years.  This  spreadsheet 
was  performed  by  an  iterative  process  whereby  the  "sorsstrg.xls"  spreadsheet  was  modified  for  every 
5  year  increment  and  then  added  to  this  spreadsheet  for  a  new  computation  of  Cf. 


Time 

0 


5 


20 


25 


30 


35 


Cf 

Mass  (mg) 

Mass  Loss  Rate  (mg/day) 
5  Year  Loss  (mg) 

Cf 

Mass  (mg) 

Mass  Loss  Rate  (mg/day) 
5  Year  Loss  (mg) 

Cf 

Mass  (mg) 

Mass  Loss  Rate  (mg/day) 
5  Year  Loss  (mg) 

Cf 

Mass  (mg) 

Mass  Loss  Rate  (mg/day) 
5  Year  Loss  (mg) 

Cf 

Mass  (mg) 

Mass  Loss  Rate  (mg/day) 
5  Year  Loss  (mg) 

Cf 

Mass  (mg) 

Mass  Loss  Rate  (mg/day) 
5  Year  Loss  (mg) 

Cf 

Mass  (mg) 

Mass  Loss  Rate  (mg/day) 
5  Year  Loss  (mg) 

Cf 

Mass  (mg) 

Mass  Loss  Rate  (mg/day) 
5  Year  Loss  (mg) 

Cf 

Mass  (mg) 

Mass  Loss  Rate  (mg/day) 
5  Year  Loss  (mg) 


Benzene 

3.7500E+03 

2.0175E+09 

7.8290E+04 

1.4288E+08 

3.4844E+03 

1.8746E+09 

7.2745E+04 

1.3276E+08 

3.2377E+03 

1.7419E+09 

6.7594E+04 

1.2336E+08 

3.0084E+03 

1.6185E+09 

6.2807E+04 

1.1462E+08 

2.7953E+03 

1.5039E+09 

5.8359E+04 

1.0650E+08 

2.5974E+03 

1.3974E+09 

5.4226E+04 

9.8962E+07 

2.4134E403 

1.2984E+09 

5.0386E+04 

9.1954E+07 

2.2425E+03 

1.2065E+09 

4.6817E+04 

8.5442E+07 

2.0837E+03 

1.1210E+09 

4.3502E+04 

7.9391E+07 


Toluene 
9.9750E+03 
5.3666E+09 
6.7704E+04 
1.2356E+08 
9.7453E+03 
5.2430E+09 
6.6145E+04 
1.207 1E+08 
9.5210E+03 
5.1223E+09 
6.4622E+04 
1.1794E+08 
9.3018E+03 
5.0044E+09 
6.3 134E+04 
1.1522E+08 
9.0876E+03 
4.8892E+09 
6.1681E+04 
1.1257E+08 
8.8784E+03 
4.7766E+09 
6.0260E+04 
1.0998E+08 
8.6739E+03 
4.6666E+09 
5.8873E+04 
1.0744E+08 
8.4742E+03 
4.5592E+09 
5.7518E+04 
1.0497E+08 
8.2791E+03 
4.4542E+09 
5.6193E+04 
1.0255E+08 


Ethylbenzene 

2.7750E-H)3 

1.4930E+09 

5.343 1E+03 

9.7511E+06 

2.7569E+03 

1.4832E+09 

5.3082E+03 

9.6874E+06 

2.7389E+03 

1.4735E+09 

5.2735E+03 

9.624 1E+06 

2.7210E+03 

1.4639E+09 

5.239 1E+03 

9.5613E+06 

2.7032E+03 

1.4543E+09 

5.2048E+03 

9.4988E+06 

2.6856E+03 

1.4448E+09 

5.1708E+03 

9.4368E+06 

2.6680E+03 

1.4354E+09 

5.1371E+03 

9.3752E+06 

2.6506E+03 

1.4260E+09 

5.1035E+03 

9.3139E+06 

2.6333E+03 

1.4167E+09 

5.0702E+03 

9.253 1E+06 


Xylenes 

1.7400E+04 

9.3613E+09 

2.8952E+04 

5.2838E+07 

1.7302E+04 

9.3084E+09 

2.8789E+04 

5.2539E+07 

1.7204E+04 

9.2559E+09 

2.8626E+04 

5.2243E+07 

1.7107E+04 

9.2037E+09 

2.8465E+04 

5.1948E+07 

1.7010E+04 

9.1517E+09 

2.8304E+04 

5.1655E+07 

1.6914E+04 

9.1000E+09 

2.8144E+04 

5.1363E+07 

1.6819E+04 

9.0487E+09 

2.7985E+04 

5.1073E+07 

1.6724E+04 

8.9976E+09 

2.7827E+04 

5.0785E+07 

1.6630E+04 

8.9468E+09 

2.7670E+04 

5.0498E+07 


BTEX 
3.3900E+04 
1.8238E+10 
1.8029E+05 
3.2903E+08 
3.3288E+04 
1.7909E+10 
1.7299E+05 
3.1570E+08 
3.2702E+04 
1.7594E+10 
1.6612E+05 
3.03 16E+08 
3.2138E+04 
1.7290E+10 
1.5964E+05 
2.9135E+08 
3.1597E+04 
1.6999E+10 
1.5355E+05 
2.8023E+08 
3.1076E+04 
1.6719E+10 
1.4780E+05 
2.6974E+08 
3.0574E+04 
1.6449E+10 
1.4238E+05 
2.5985E+08 
3.009 1E+04 
1.6189E+10 
1.3727E+05 
2.505 1E+08 
2.9626E+04 
1.5939E+10 
1.3244E+05 
2.4169E+08 
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45 

Cf 

1.9361E+03 

8.0885E+03 

2.6161E+03 

1.6536E+04 

2.9177E+04 

Mass  (mg) 

1.0416E+09 

4.3517E+09 

1.4075E+09 

8.8963E+09 

1.5697E+10 

Mass  Loss  Rate  (mg/day) 

4.042 1E+04 

5.4900E+04 

5.0371E+03 

2.7514E+04 

1.2787E+05 

5  Year  Loss  (mg) 

7.3768E+07 

1.0019E+08 

9.1927E+06 

5.0213E+07 

2.3337E+08 

50 

Cf 

1.7990E+03 

7.9023E+03 

2.5990E+03 

1.6442E+04 

2.8743E+04 

Mass  (mg) 

9.6787E+08 

4.2515E+09 

1.3983E+09 

8.846 1E+09 

1.5464E+10 

Mass  Loss  Rate  (mg/day) 

3.7558E+04 

5.3637E+04 

5.0040E+03 

2.7359E+04 

1.2356E+05 

5  Year  Loss  (mg) 

6.8544E+07 

9.7887E+07 

9.1323E+06 

4.9930E+07 

2.2549E+08 

55 

Cf 

1.6716E+03 

7.7203E+03 

2.5820E+03 

1.6350E+04 

2.8324E+04 

Mass  (mg) 

8.9933E+08 

4.1536E+09 

1.3891E+09 

8.7962E+09 

1.5238E+10 
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Spreadsheet  Used  To  Estimate  5  Year  Mass  Loss  Rates  and  The  Changing  Concentration  of 
k  BTEX  in  Weathering  LNAPL  of  the  Small  Source  Plume  in  the  Proximity  of  GP-4 

*  (For  Model  MB1,  Alternative  1:  This  Spreadsheet  Used  for  following  spreadsheets  that 

Estimated  Injection  Well  Concentrations  of  BTEX) 

This  spreadsheet  was  used  to  estimate  changing  concentrations  of  BTEX  in  LNAPL  due  to  mass 
transport  to  groundwater.  Volatilization  losses  were  neglected.  Furthermore,  the  starting  volume  of 
LNAPL  was  estimated  at  8,250  gallons  or  31 ,148  liters  and  all  concentrations  of  BTEX  in  LNAPL 
(or  Cf)  were  estimated  using  this  volume.  The  volume  of  LNAPL  was  assumed  to  remain  the  same 
because  the  volumes  of  BTEX  removed  every  5  years  were  below  0.03  percent.  This  spreadsheet  was  tied 
into  spreadsheet  I:45022\model\srsstrg2.xls  to  estimate  "mass  loss  rates”  every  5  years.  This  spreadsheet 
was  performed  by  an  iterative  process  whereby  the  "srsstrg2.xls"  spreadsheet  was  modified  for  every 
5  year  increment  and  then  added  to  this  spreadsheet  for  a  new  computation  of  Cf. 


Time 

(years) 

0 


5 


10 


15 


20 


25 


30 


35 


40 


Benzene 

Toluene 

Ethylbenzene 

Xylenes 

BTEX 

Cf 

3.75E+03 

9.98E+03 

2.78E+03 

1.74E+04 

3.39E+04 

Mass  (mg) 

1.17E+08 

3.11E+08 

8.64E+07 

5.42E+08 

1.06E+09 

Mass  Loss  Rate  (mg/day) 

1.06E+04 

9.18E+03 

7.24E+02 

3.92E+03 

2.44E+04 

5  Year  Loss  (mg) 

1.94E+07 

1.67E+07 

1.32E+06 

7.16E+06 

4.46E+07 

Cf 

3.13E+03 

9.44E+03 

2.73E+03 

1.72E+04 

3.25E+04 

Mass  (mg) 

9.74E+07 

2.94E+08 

8.51E+07 

5.35E+08 

1.01E+09 

Mass  Loss  Rate  (mg/day) 

8.85E+03 

8.68E+03 

7.13E+02 

3.87E+03 

2.21E+04 

5  Year  Loss  (mg) 

1.62E+07 

1.58E+07 

1.30E+06 

7.07E+06 

4.04E+07 

Cf 

2.61E+03 

8.93E+03 

2.69E+03 

1.69E+04 

3.12E+04 

Mass  (mg) 

8.13E+07 

2.78E+08 

8.38E+07 

5.28E+08 

9.71E+08 

Mass  Loss  Rate  (mg/day) 

7.38E+03 

8.21E+03 

7.02E+02 

3.82E+03 

2.01E+04 

5  Year  Loss  (mg) 

1.35E+07 

1.50E+07 

1.28E+06 

6.97E+06 

3.67E+07 

Cf 

2.18E+03 

8.45E+03 

2.65E+03 

1.67E+04 

3.00E+04 

Mass  (mg) 

6.78E+07 

2.63E+08 

8.25E+07 

5.21E+08 

9.34E+08 

Mass  Loss  Rate  (mg/day) 

6.16E+03 

7.77E+03 

6.91E+02 

3.77E+03 

1.84E+04 

5  Year  Loss  (mg) 

1.12E+07 

1.42E+07 

1.26E+06 

6.88E+06 

3.36E+07 

Cf 

1.82E+03 

7.99E+03 

2.61E+03 

1.65E+04 

2.89E+04 

Mass  (mg) 

5.66E+07 

2.49E+08 

8.13E+07 

5.14E+08 

9.01E+08 

Mass  Loss  Rate  (mg/day) 

5.14E+03 

7.35E+03 

6.81E+02 

3.72E+03 

1.69E+04 

5  Year  Loss  (mg) 

9.38E+06 

1.34E+07 

1.24E+06 

6.79E+06 

3.08E+07 

Cf 

1.52E+03 

7.56E+03 

2.57E+03 

1.63E+04 

2.79E+04 

Mass  (mg) 

4.72E+07 

2.36E+08 

8.00E+07 

5.07E+08 

8.70E+08 

Mass  Loss  Rate  (mg/day) 

4.29E+03 

6.96E+03 

6.70E+02 

3.67E+03 

1.56E+04 

5  Year  Loss  (mg) 

7.82E+06 

1.27E+07 

1.22E+06 

6.70E+06 

2.84E+07 

Cf 

1.26E+03 

7.15E+03 

2.53E+03 

1.61E+04 

2.70E+04 

Mass  (mg) 

3.94E+07 

2.23E+08 

7.88E+07 

5.00E+08 

8.41E+08 

Mass  Loss  Rate  (mg/day) 

3.58E+03 

6.58E+03 

6.60E+02 

3.62E+03 

1.44E+04 

5  Year  Loss  (mg) 

6.53E+06 

1.20E+07 

1.20E+06 

6.61E+06 

2.64E+07 

Cf 

1.05E+03 

6.77E+03 

2.49E+03 

1.59E+04 

2.62E+04 

Mass  (mg) 

3.28E+07 

2.11E+08 

7.76E+07 

4.94E+08 

8.15E+08 

Mass  Loss  Rate  (mg/day) 

2.98E+03 

6.23E+03 

6.50E+02 

3.58E+03 

1.34E+04 

5  Year  Loss  (mg) 

5.44E+06 

1.14E+07 

1.19E+06 

6.52E+06 

2.45E+07 

Cf 

8.80E+02 

6.40E+03 

2.45E+03 

1.56E+04 

2.54E+04 

Mass  (mg) 

2.74E+07 

1.99E+08 

7.64E+07 

4.87E+08 

7.91E+08 

Mass  Loss  Rate  (mg/day) 

2.49E+03 

5.89E+03 

6.40E+02 

3.53E+03 

1.25E+04 

l:\45022\model\MBHN2.xls 
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5  Year  Loss  (mg) 

4.54E+06 

1.08E+07 

1.17E406 

6.44E+06 

2.29E+07 

45 

Cf 

7.34E+02 

6.06E+03 

2.42E+03 

1.54E+04 

2.46E+04 

Mass  (mg) 

2.29E+07 

1.89E+08 

7.52E+07 

4.81E+08 

7.68E+08 

Mass  Loss  Rate  (mg/day) 

2.08E+03 

5.57E+03 

6.30E+02 

3.48E+03 

1.18E+04 

5  Year  Loss  (mg) 

3.79E+06 

1.02E+07 

1.15E+06 

6.35E+06 

2.15E+07 

50 

Cf 

6.12E+02 

5.73E+03 

2.38E+03 

1.52E+04 

2.40E+04 

Mass  (mg) 

1.91E+07 

1.79E+08 

7.41E+07 

4.74E+08 

7.46E+08 

Mass  Loss  Rate  (mg/day) 

1.73E+03 

5.27E+03 

6.21E+02 

3.44E+03 

1.11E+04 

5  Year  Loss  (mg) 

3.16E+06 

9.62E+06 

1.13E+06 

6.27E+06 

2.02E+O7 

55 

Cf 

5.11E+02 

5.42E+03 

2.34E+03 

1.50E+04 

2.33E+04 

Mass  (mg) 

1.59E+07 

1.69E+08 

7.30E+07 

4.68E+08 

7.26E+08 

l:\45022\model\MB  1  IN2.xls 
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ESTIMATED  SHRINKAGE  OF  LNAPL  PLUMES  AS  A  RESULT  OF  BIOSLURPING 
FOR  REMEDIAL  ALTERNATIVE  #2 
POL  BULK  FUEL  STORAGE  SITE 
INTRINSIC  REMEDIATION  CAS 
MYRTLE  BEACH  AFB,  SOUTH  CAROLINA 


Source 

Yearb/ 

Approximate 
Volume  of 

Recoverable 
LNAPL''  (gal) 

Approximate 
Volume  of 

Recoverable 

LNAPL  (ft3) 

Bioslurping 

Units'" 

Retrieval 

Ratee/ 

(gal/day-well) 

Retrieval 

Rate" 

(gal/year) 

Approximate 
Radius  of 
Plume87 
(feet) 

Upper  Plume37 

35625 

4762 

H 

■ 

8213 

157 

Upper  Plume 

27413 

3665 

■a 

6159 

138 

Upper  Plume 

21253 

2841 

45 

0.25 

4106 

122 

Upper  Plume 

17147 

2292 

45 

0.125 

2053 

109 

Upper  Plume 

15094 

2018 

45 

0.125 

2053 

102 

Upper  Plume 

13041 

1743 

45 

0.125 

2053 

95 

Upper  Plume 

10988 

1469 

45 

0.125 

2053 

87 

Upper  Plume 

8934 

1194 

45 

0.125 

2053 

79 

Upper  Plume 

8 

6881 

920 

45 

0.125 

2053 

69 

Upper  Plume 

mm 

4828 

645 

45 

0.125 

2053 

58 

Upper  Plume 

1 

2775 

371 

45 

0.125 

2053 

44 

Upper  Plume 

mm 

722 

97 

45 

0.125 

2053 

22  ; 

Upper  Plume 

WM 

0 

0 

45 

0.125 

2053 

0 

Lower  Plume117 

0 

2063 

276 

6 

0.5 

1095 

63 

Lower  Plume 

1 

968 

129 

6 

0.375 

821 

43 

Lower  Plume 

2 

146 

20 

6 

0.25 

548 

17 

Lower  Plume 

3 

0 

0 

6 

0.125 

274 

0 

d  Upper  plume  refers  to  LNAPL  in  the  proximity  of  wells  MW-4  and  MW-5. 
b/  Refers  to  the  number  of  years  of  bioslurping  unit  operation. 

d  Estimated  as  the  starting  recoverable  LNAPL  volume  less  the  previous  year’s  removal  volume. 
d  Number  of  bioslurping  units  estimated  in  Section  6. 

d  Assumes  that  bioslurper  retieval  rates  decline  to  a  constant  0.125  gallons  per  year  per  bioslurping  well. 
f/  Estimate  based  on  the  cumulative  effect  of  all  bioslurping  wells  for  the  particular  source. 

E/  Assumes  constant,  uniform  thicknesses  of  the  upper  and  lower  plumes  of  0.375  and  0.125  feet,  respectively 
and  a  LNAPL-filled  porosity  of  0.175. 
w  Lower  plume  refers  to  LNAPL  in  the  proximity  of  GP-4. 
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Section  3  NAPL  Lens  Formation  at  the  Capillary  Fringe  and 
Source  Term  Characterization 


When  an  LNAPL  reaches  the  water  table  after  a  spill  or  release  from  a  leaking  tank  or  pipeline, 
it  will  pond  in  an  oil  lens  which  grows  in  thickness  and  spreads.  After  the  source  is  cut  off  the  lens  wili 
spread  until  it  reaches  a  thin  layer  within  the  capillary  fringe.  Much  of  the  hydrocarbon  will  remain  isolated 
both  above  and  below  the  water  table  at  residual  saturations.  The  constituents  from  the  LNAPL  release 
can  dissolve  into  groundwater  which  flows  beneath  the  lens,  thereby  contaminating  downgradient  drinkinq 
water  through  miscible  phase  transport.  The  OILENS  model  discussed  in  this  section  was  developed  to 
provide  a  groundwater  transport  model  source  term  resulting  from  dissolution  of  constituents  from  a  floating 
free  product  lens.  The  OILENS  model  is  based  on  a  number  of  simplifying  assumptions  which  are  listed 


1)  The  hydrocarbon  and  its  constituents  enter  the  lens  within  a  circular  area  of  radius  R 
centered  beneath  the  surface  source  area.  The  hydrocarbon  enters  at  a  time-variable  rate 
calculated  by  the  KOPT  model. 

2)  As  the  oil  lens  grows  and  spreads,  residual  hydrocarbon  is  trapped  within  the  vadose  zone 
and  the  saturated  zone  beneath  the  lens.  Part  of  this  trapping  is  associated  with  the  dynamics 
of  the  source  term  (from  the  KOPT  model)  and  lateral  spreading  capacity  of  the  lens.  Release 
o  a  more  viscous  hydrocarbon  will  result  in  a  lens  which  achieves  a  greater  thickness  before  it 
spreads,  and  will  result  in  a  greater  amount  of  the  hydrocarbon  being  trapped  within  the  porous 
medium.  OILENS  calculates  dynamic  trapping  through  the  simulation  model  itself,  as  described 
below.  An  additional  source  of  trapping  is  associated  with  fluctuations  of  the  water  table.  Water 
ta  le  fluctuations  result  in  an  apparent  thickness  of  hydrocarbon  which  is  independent  of  that 
required  to  drive  lateral  spreading.  Capillary  trapping  due  to  fluctuations  in  the  water  table  is 
included  through  a  parameter  that  specifies  the  thickness  of  the  hydrocarbon  layer  which  must 
develop  before  the  lens  starts  to  spread.  This  residual  fluctuation  thickness  is  taken  into  account 
through  the  continuity  equations. 

3)  A  condition  of  vertical  equilibrium  holds  for  the  fluids  present  at  any  given  location.  In 
particular,  for  the  fluid  levels  in  an  observation  well,  this  implies  that  the  levels  of  the  air-oil 
interface,  z^,  the  oil-water  interface,  zow,  the  air-water  interface  (water  table)  in  the  absence  of 
hydrocarbon,  z,w,  and  the  observation  well  hydrocarbon  thickness,  b0,  are  related  through 


(34) 
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^ow  Zgw 


(35) 


'  w 


Pw  ~  P 


0/ 


P  /70  (36) 


wLor  tH°h  S  he  headJn  the  hydrocarbon  layer  at  the  9^"  location  (h0  =  zTO  if  the  elevation  of  the 

van  nlme/iQATJS  *ZT  3S  the  datum)-  These  are  essentially  the  relationships  presented  by 
van  Dam  (1967)  and  they  are  the  same  as  the  Ghyben-Herzberg  approximations  used  for 
modeling  fresh  water  floating  on  top  of  saline  water  in  a  porous  medium  (Bear,  1972)  It  should 
be  noted  that  equation  (36)  states  that  the  head  within  the  hydrocarbon  layer  is  directly 
proportional  to  the  oil  layer  thickness  as  observed  in  a  well.  These  relations  are  helpful  in 

fthtTTL0  3  ?°mp<Utal'0nal  model  in  that  ,hey  Provide  the  fluid  energy  distribution  in  a 
fashion  which  is  no  confounded  by  capillary  pressure  effects.  The  OILENS  model  is  based  on 

e  o  servation  well  thickness  of  the  lens  and  an  effective  volumetric  oil  content  for  the  lens 
which  comes  from  mass  balance  considerations. 


IS?!?"9  °f  thu  hydro^arbPn  is  Purely  radia'.  which  implies  that  the  slope  of  the  regional 
water  table  is  small  enough  to  be  unimportant  for  the  lens  motion. 

5)  In  calculating  the  movement  of  the  lens,  both  the  hydrocarbon  and  water  phase  are  assumed 
to  be  mcompress'ble.  Since  the  flow  is  assumed  to  be  incompressible,  the  steady  state  solution 
can  be  applied  at  each  instant  in  the  unsteady  motion  of  the  oil  lens  (Muskat,  1946).  The  rate 

corrls^nHinnf'H9. ls  *lso  afsu™ed  be  slow  enough  to  confirm  and  justify  use  of  a  lens  shape 
' jL  steady-state  flow.  Wrth  the  assumption  of  vertical  equilibrium,  this  implies  that 
a  profile  based  on  the  Dupurt  assumptions  is  appropriate. 

6)  An  average  effective  volumetric  oil  content  may  be  assigned  to  the  lens,  0O,  along  with 
retention  oil  contents  for  the  vadose  zone  and  the  saturated  zone  beneath  the  lens  0  and  0 

meanin9-  °f  the  temi  ^  that  it  represents  the  ratio  of  the  average 

lens  thickness  b  (as  seen  in  an  observation  well)  to  the  actual  free  product  thickness  D  .  That 

ls’  ^.°  ~  00  b°-  The  actual  distnbution  of  an  LNAPL  near  the  water  table  is  a  function  of  the 
capillary  pressure  curve  for  the  soil  and  the  fluid  densities  and  interfacial  tensions.  The  capillary 
pressure  curve  for  the  soil  (air-water  system)  may  be  scaled  for  the  air-LNAPL  and  LNAPL-water 

£94”' Schie9S  (,984)  and  olhers  ^  "J99es' ,ha' ,he 
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^  ow 


Ptv 

^  Pow  °  aw 


* 


aw 


(37) 


* 


ao 


P_w^ao 
Po  Gaw 


aw 


(38) 


:  ^  he?,P"lary  presfure  head  or  “pHlaiy  rise  for  the  ij-fluid  pair,  p  is  the  fluid  density 
o  is  the  interfacial  tension,  and  Apow  is  the  density  difference  between  the  hydrocarbon  and  water’ 

For  the  oil- water  system,  its  capillary  rise  is  measured  from  z„.  These  allow  the  LNAPL 
FinnrTfl  Dh°  l°  be  calculated  ,rom  ,ts  thickness  as  seen  in  an  observation  well,  as  shown  in^  1^ 

Ipn^tti^  Sh0Wf  repreAs®"tat,ve  values  of  ,he  effective  LNAPL  saturation  as  a  function  of  average 
lens  thickness  for  35  API  petroleum  and  for  a  gasoline  in  a  sand  soil  9 


thJnnh?h?  ™tSS  IS  traospor1ed  from  ,he  'ens  to  groundwater  by  infiltrating  water  moving 
through  the  lens  and  by  groundwater  flowing  beneath  the  lens  and  coming  into  intact  with  it 

Equilibrium  partrtioning  occurs  between  the  hydrocarbon  and  water  when  they  are  in  direct  contact. 


3.1  OILENS  Model  Development 

fo  a  c;mlrre  assumptions  of  vertical  equilibrium,  radial  flow,  and  a  steady-state  hydrocarbon  distribution  lead 

hree  SS-X ^  T  "  a"y  9iv<in  ,ime  ,he  'ree  prod^dismWion  i.  £££££ 
rpritt  of  thf  r  h  f  Z  'fns  0,1  volumetnc  content.  60.  the  lens  head  beneath  the  source,  h  and  the 

P^p.2t  fh  T’  R,\-The  ,ens  oil  000,601  specified  as  a  constant  input  parameter  and“must  be 
es  .mated  from  the  conditions  of  the  release.  The  remaining  two  variables,  hM  a£d  R,  var^  wSh  le  and 

belolb  CU  t6d  aS  ***  of  the  model-  Their  calculation  is  based  on  continuity  principles,  as  described 

From  the  Dupuit  equation,  the  oil  layer  head  at  any  radius  r  >  R,  is  given  by 

9a.  /\p?c\«.s  ^<,c- 


In  this  last  equation  R,  is  the  source  radius  and  R,  is  the  radius  of  the  oil  lens.  Application  of  the  continuity 
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principle  to  the  vertical  circular  cylinder  of  the  lens  beneath  the  source  zone,  as  shown  in  Figure  15,  gives 


<KOPT 


^^rarllal 


n  r;  e0  p 


In  equation  (40),  QK0PT  is  the  inflow  to  the  lens  from  the  vadose  zone  as  calculated  by  the  KOPT  model, 
is  the  lateral  flow  from  the  circular  cylinder,  includes  the  volume  of  oil  dissolved  from  the  centra! 
cylinder  plus  the  oil  which  remains  trapped  at  residual  saturation  above  and  below  the  lens  as  the  lens 
thickness  decreases  after  the  source  has  been  cut-off.  The  right-hand-side  in  equation  (40)  gives  the 
change  in  hydrocarbon  volume  within  the  cylinder.  The  radial  flow  component  may  be  calculated  from 
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Q 


radial 


2 


*P  Wl 


In 


(41) 


Equa,i°ns  (4°)  and  (41),  when  combined  with  the  discussion  below  for  calculation  of  Q 
ordinary  different, al  equation  for  solving  for  the  lens  source  head  as  a  funSon  of  time  * 


provide  an 


dh. 


OS 


dt 


^1  (  ^os>  ®kopt) 


(42) 


is  S  S2.i»hKOP?  mwJeLUr*C**°nS  ^  calculated  and  Qkopt  is  a  funcfion  of  ,ime  which 

whoie.  ^  ""  «*  ■«  -  • 
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Ml 

dt 


a 


KOPT 


~  Q. 


out 


(43) 


where  represents  the  hydrocarbon  tosses  from  the  lens  due  to  dissolution  as  well  as  that  left  as 
residua  during  mound  decay  following  source  control.  VL  includes  only  the  actively  spreading  LNAPL. 
Since  VL  is  a  function  of  hM  and  R,,  we  may  use  to  chain  rule  to  write 


dVL  =  dV,  Mas  +  dVL  dR, 
dt  ~  dhx  dt  +  dR,  dt 


when  combined  with  equation  (43)  this  equation  gives 


dRt 

~dt 


a 


KOPT 


-  a 


out 


Wl  dj Iqs 
Shos  dt 


8V, 

8R, 


(45) 


The  lens  volume.  VL,  is  given  by  (see  Appendix  1,  ?) 


f 

_ _ \ 

(  R  \2 

In  ' 

1  ^s)  j 

In 

( H<T 

A 

(46) 


In  equation  (46).  erf( )  is  the  error  function.  With  this  equation  the  partial  derivatives  with  respect  to  h„  and 
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R,  may  be  evaluated  analytically.  The  resulting  equation  is 

dRt 

(jf  ~  ^2(^051  QKOpt)  (47) 


S^Lle^hrmdeIriequa,i°"s  (42).and  (47))  9ives  a  system  of  ordinary  differential  equations  which  are 
svSrn  ^  ,Jh  an  °?lnary.  drfferential  equation  solver.  Since  the  KOPT  model  is  also  expressed  as  a 

S  Ll T  "7J th6-!W0 11106615  ar6  to9e,her  in  a  single  computer  code, 

at  code  ts  called  HSSM-KO,  and  is  described  in  Volume  1  of  the  User’s  Guide  (Weaver  et.  a!.,  1993). 


Mass  transfer  of  both  the  hydrocarbon  and  the  chemical  constituent  from 
occurs  from  infiltrating  rainfall  and  dissolution  caused  by  flowing  groundwater, 
moves  through  the  lens  it  comes  into  chemical  equilibrium  with  both  the  oil  and 
mass  loss  rate  to  the  aquifer  is 


the  oil  lens  to  the  aquifer 
As  the  infiltrating  rainfall 
the  constituent,  and  the 


m 


infil 


=  qw1nRt  cx 


WO 


(48) 


where  q*  is  the  volume  flux  (Darcy  velocity)  of  infiltrating  rainfall  and  c  is  Ihe 
for  water  in  contact  with  the  hydrocarbon  (see  discussion  below). 


equilibrium  concentration 


. .  F.or  dlsa°lu1'on  rt  ls  assumed  that  the  concentration  of  the  contaminant  at  the  base  of  the  lens  is 
equal  to  its  equilibrium  value  in  water.  As  the  migrating  groundwater  within  the  aquifer  approaches  the  lens 

fntnfh"0  contam,nant  wrthin  and  as  the  groundwater  moves  beneath  the  lens,  the  contaminant  diffuses 
mto  the  9roundwater  at  a  rate  determined  by  continuity  and  vertical  dispersion.  This  is  essentially  the 

^fnnPmpTc:,^yHHUnt  61  ^  ^  X  =  0 corresP°nd lo  upgradient  edge  of  the  lens  with 

^  measured  downward  from  the  lens,  and  consider  a  column  of  groundwater  which  moves  with 

takes  th  f  h  h6  6nS'  17166  th®  continu'ty  and  boundary  conditions  for  this  moving  column 


V 


dc^ 

dX 


(49) 


or  with  D2  =  ^  v  where  is  the  vertical  dispersivrty, 
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with 


dc^ 

dx 


dz 


(50) 


cw(z,Q)  =  0 

cw(0,x)  =  cm 


where  c„  is  Ihe  contaminant  concentration  within  the  water  immediately  beneath  the  lens.  The  solution 


c„(z,x) 


c wo 


s[4a^x 


(52) 


The  plan  view  of  the  lens  is  shown  in  X 
length  L(y)  is  given  by  / 


The  total  flux  into  the  aquifer  from  the  strip  of  wicfth  dy  and  of 


6m(y) 


L(y ) 

/  ‘  1  Dz 


0 

^  ^ WO  *1  ^ 


dC„(0,X) 

dz 


dx 


N 


a^(y) 


71 


(53) 


The  length,  L(y),  of  the  chord  of  the  circle  is 


L{y)  =  2  /tf,2  -  y2 


(54) 
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so  the  total  flux  is  given  by 


R, 


m. 


dlss  2fd  m(y)  dy 

0 


4c,v„1  vR, 


2R.av  r 

—p/(1  -w‘)'i<dw 
51  0 


(55) 


The  integral  in  equation  (55)  may  be  evaluated  numerically  t0 


give 


!d  -  /(I  -  w2)1/4 dw  *  0.87402 

0 


(56) 


Thus  the  mass  loss  due  to  dissolution  within  the  aquifer  is 


m 


diss 


^  ^ wo  *1  V  4j 


N 


2R,a, 


IT 


(57) 


The 


groundwater  source  term  is  given  by  the  sum  of  the 


n\,„  and  terms.  ""Thus 


m. 


source  ~  Rt  Cwo  +  4  CWQX]  VRtlQ 


(58) 


71 
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It  is  apparent  that  the  aquifer  source  term  is  dependent  on  the  size  of  the  lens,  the  infiltratipn  rate  and 
groundwater  velocity,  the  constituent  concentration  within  the  lens,  and  the  partitioning  characteristics  of 
the  constituent  between  the  oil  and  water. 

The  groundwater  source  term  given  by  equation  (58)  requires  an  estimate  of  the  equilibrium 
concentration  in  water  in  direct  contact  with  the  hydrocarbon,  c^.  This  source  term  is  derived  from 
leaching  of  trapped  hydrocarbon  both  above  and  below  the  lens,  and  from  the  spreading  lens  itself. 

The  constituent  mass  continuity  equations  give  the  total  mass,  within  the  lens  plus  that  trapped 
within  the  vadose  and  saturated  zones.  This  total  mass  is  related  to  the  water  equilibrium 
concentration  through  the  partitioning  relationships  as  follows: 


Mt 


*  {®w  +  ®orv^0  +  P b^d)  K'z  + 

((n  "  eo)  +  +  p + 

eo 


'wo 


m  -  0o/"s)  +  ^oys  ko +  p bkd)  Ki) 


(59) 


In  equation  (59),  Vv2  and  V„  are  the  total  volumes  (LNAPL,  water,  and  soil)  containing  residual 
hydrocarbon  in  the  vadose  and  saturated  zones,  and  VL  is  the  hydrocarbon  volume  in  the  spreading 
lens.  These  volumes  are  calculated  as  shown  below.  With  M,  and  the  volumes  known  at  any  time, 
equation  (59)  provides  the  effective  water  concentration  of  the  constituent. 

It  remains  to  determine  the  mass  which  remains  behind  with  the  hydrocarbon  at  residual 
saturation  for  a  decaying  lens  after  source  control.  The  situation  is  shown  in  Figure  16.  The  lens 
continues  to  spread  even  if  dh^dt  <  0.  The  hydrocarbon  and  contaminant  within  the  shaded  region 
of  Figure  16  becomes  isolated  from  the  lens  with  the  hydrocarbon  at  residual  saturation  and  the 
contaminant  dissolved  within  the  hydrocarbon  and  sorbed  on  the  soil.  Since  the  lens  heights  are  the 
same  at  r  =  Ft  for  both  times,  equation  (39)  gives 


In 


Rt(t  +  At) 


hjM  R, 

| |n  Ml 


G  (60) 


where  G  is  a  constant  and  this  equation  is  written  for  the  lens  radius  and  source  height  at  times  t  and 
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With  the  radius  R  known  from  (62),  the  change  in  total  volume  occupied  by  residual  hydrocarbon 
(LNAPL,  water,  and  soil)  may  be  found  from  equation  (97)  of  Appendix  1 ,  ?: 

=  Vr(e;/Uf)-,/?,(f))  -  VT(R\h„(t+  Af), /?,(/  +  A()f3) 


where  it  is  understood  that  this  is  used  only  if  dhos/dt<  0.  The  fraction  of  the  residual  volume  above 
the  lens  is  1/p  and  the  fraction  below  the  lens  is  (p-1)/p.  Thus  the  volume  of  free  product  which 
becomes  trapped  during  the  time  step  is 


A  V, 


.  e«(p  -1) 


A  V, 


R 


(64) 


The  corresponding  mass  loss  is 

A  Ml  =  Ca(t)AVL  (65) 


The  lens  concentration  is  calculated  from  the  ratio  ML/VL,  where  ML  is  the  total  constituent  mass  within 
the  spreading  lens. 
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Present  Worth  Analysis _ _ _ Annual  Adjustment  Factor  =  5% 

Alternative  2:  Intrinsic  Remediation  and 

Bioslurping  with  Institutional  Controls  Present 

and  Long-Term  Monitoring  *  Worth 


Present  Worth  Analysis _ _ Annual  Adjustment  Factor  =  5% 

Alternative  3:  Intrinsic  Remediation,  Surface 

Water  Sparging,  and  Bioslurping  with  Institutional  Present 

Controls  and  Long-Term  Monitoring _ Worth _ 

years  ($)  Year:  1  2  i 


Total  Present  Worth  Cost  ($):  $1,448,036 


Alternatives  1,  2,  and  3:  Long-Term  Monitoring  and  Institutional  Controls 


Standard  Rate  Schedule 


Billing 

Category 

Cost  Code/(Billing  Category) 

Billing 

Rate 

Bm 

Install  New 
LTM/POC 
Wells  ($) 

Task  2 
(hrs) 

Sampling 

($) 

Task  3 
(hrs) 

Reporting 
&  PM  ($) 

Word  Processor  88/(15) 

$30 

0 

$0 

0 

$0 

[  30 

$900 

CADD  Operator  58/(25) 

$47 

4 

$188 

0 

$0 

30 

$1,410 

Technician  42/(50) 

$40 

!  5 

$200 

56 

$2,240 

30 

$1,200 

Staff  Level  16/(65) 

$57 

136 

$7,752 

56 

$3,192 

60 

$3,420 

Project  Level  12/(70) 

$65 

4 

$260 

4 

$260 

40 

$2,600 

Senior  Level  10/(80) 

$85 

1 

$85 

0 

$0 

3 

$255 

Principal  02/(85) 

$97 

0 

$0 

0 

$0 

0 

$0 

Total  Labor  (hrs|$) 

150 

$8,485 

116 

$5,692 

193 

$9,785 

ODCs 

Phone 

$30 

$0 

$50 

Photocopy 

$20 

$0 

$150 

Mail 

$100 

$400 

$60 

Computer 

$150 

$0 

$400 

CAD 

$0 

$0 

$450 

WP 

$0 

$0 

$200 

Travel 

$1,000 

$2,000 

$0 

Per  Diem 

$960 

$960 

$0 

Eqpt.  &  Supplies 

$400 

$200 

$0 

Total  ODCs 

$2,660 

$3,560 

$1,310  | 

Outside  Services 

LTM/POC  Well  Installation  Costs 

a / 

$29,200 

$0 

$0 

Laboratory  Fees  y 

Soils 

$660 

17  LTM,  8  SW, 

$9,570 

$0 

Other:  Maintain  Institutional  Controls 

$0 

and  3qa/qc, 

$0 

$5,000 

Total  Outside  Services 

$29,860 

$9,570  | 

$5,000 

Proposal  Estimate 

Task  1 

Task  2 

Task  3 

Labor 

$8,485 

$5,692 

$9,785 

ODCs 

$2,660 

$3,560 

$1,310 

Outside  Services 

$29,860 

$9,570 

Total  by  Task 

$41,005 

$18,822 

$16,095  1 

Total  Labor 

$23,962 

Total  ODCs 

$7,530 

Total  Outside  Services 

$44,430 

Total  Project 

$75,922 

Task  1 :  Install  New  LTM/POC  Wells  *  12  Wells,  480ft  @  $50/ft,  $2000mob,  $3200  soil  handling 

Task  2:  Sampling  per  Event  w  BTEX/VOC  @  $120ea.  Electron  receptors  at  LTM  wells  @  $150ea 

Task  3:  Reporting  and  PM  per  Sampling  Event 
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Alternatives  2  and  3:  Bioslurping 


Rate  Schedule 


pilling 

Billing 

—a 

End  of  Year 

Category 

Task  1 

Recovey  System 

Task  2 

Maintenance 

Task  3 

Report 

Cost  Code/(Billing  Category) 

Rate 

(hrs) 

<$) 

(hrs) 

(6x  per  yr)($) 

(hrs) 

(S) 

Word  Processor  88/(15) 

$30 

60 

$1,800 

0 

$0 

8 

$240 

CADD  Operator  58/(25) 

$47 

100 

$4,700 

0 

$0 

8 

$376 

Technician  42/(50) 

$40 

100 

$4,000 

180 

$7,200 

16 

$640 

Staff  Level  16/(65) 

$57 

200 

$11,400 

40 

$2,280 

60 

$3,420 

Project  Level  12/(70) 

$65 

120 

$7,800 

20 

$1,300 

16 

$1,040 

Senior  Level  10/(80) 

$85 

12 

$1,020 

0 

$0 

2 

$170 

Principal  02/(85) 

$97 

3 

$291 

0 

$0 

0 

$0 

Total  Labor  (hrs  |  $) 

595 

$31,011 

240 

$10,780 

110 

$5,886 

ODCs 

Phone 

$200 

$120 

$20 

Photocopy 

$200 

$60 

$100 

Mail 

$100 

$240 

$40 

Computer 

$300 

$0 

$80 

CAD 

$360 

$0 

$100 

WP 

$120 

$0 

$40 

Travel 

$0 

$2,400 

$0 

Per  Diem 

$0 

$2,400 

$0 

Eqpt.  &  Supplies 

$0 

$1,200 

$0 

[(Total  ODCs 

$1,280 

$6,420 

$380 

IPutside  Services 

Jp/ell  Installation 

$42,820 

$0 

$0 

Recovery  System  Installation 

$65,770 

$0 

$0 

Equipment  Costs 

$106,755 

$0 

$0 

Product  Hauling/Disposal  (Fuel) 

$0 

$1,000 

$0 

Product  Hauling/Disposal  (Soil) 

$18,000 

$0 

$0 

Electrical  Costs 

$0 

$200 

$0 

Laboratory  Fees 

$600 

$2,400 

$0 

Other  (O&M  on  VR  engine  at  $120/day) 

$0 

$43,800 

$0 

Total  Outside  Services 

$233,945 

$47,400 

$0 

Estimate 

Task  1 

Task  2 

Task  3 

Labor 

$31,011 

$10,780 

$5,886 

ODC’s 

$1,280 

$6,420 

$380 

Outside  Services 

$233,945 

$47,400 

$0 

Total  by  Task 

$266,236 

$64,600 

$6,266 

Total  Labor 

$47,677 

Total  ODCs 

$8,080 

Total  Outside  Services 

$281,345 

Total  Project 

$337,102 

Task  1:  LNAPL  Recovery  System  Design  and  Construction 
Task  2:  Monthly  Site  Time  and  Travel  Costs  (per  year) 
Jask  3:  Report  Preparation 


A 
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Alternative  3:  Surface  Water  Sparging  System 


Standard  Rate  Schedule 


Billing 

Category 

Cost  Code/(Billing  Category) 

Billing 

Rate 

Task  1 

System 

Installation 

($) 

Task  2 

System 

Maintenance 

($) 

Task  3 

Annua 

Reporting 

($) 

Word  Processor  88/(15) 

$30 

16 

$480 

$0 

16 

$480 

CADD  Operator  58/(25) 

$47 

24 

$1,128 

1 

$0 

12 

$564 

Technician  42/(50) 

$40 

12 

$480 

$1,200 

20 

$800 

Staff  Level  16/(65) 

$57 

80 

$4,560 

$0 

40 

$2,280 

Project  Level  12/(70) 

$65 

40 

$2,600 

$1,950 

8 

$520 

Senior  Level  10/(80) 

$85 

4 

$340 

■ 

$340 

2 

$170 

Principal  02/(85) 

$97 

1 

$97 

mM 

$0 

0 

$0 

Total  Labor  (hrs  |  $) 

177 

$9,685 

64 

$3,490 

98 

$4,814 

ODCs 

Phone 

$40 

•-  $45 

$40 

Photocopy 

$150 

$15 

$100 

Mail 

$50 

$120 

$50 

Computer 

$150 

$0 

$120 

CAD 

$200 

$0 

$150 

WP 

$100 

$0 

$80 

Travel  (Included  with  Bioslurper) 

$0 

$0 

$0 

Eqpt.  &  Supplies 

$100 

$150 

$0 

Total  ODCs 

$790 

$330 

$540  1 

Outside  Services 

4 

Electrical  Costs 

$0 

$200 

$0* 

Laboratory  Fees 

$0 

$0 

$0 

Equipment  Costs 

$0 

$0 

Construction  Costs 

$0 

$0 

Total  Outside  Services 

$10,304 

$200 

$0 

Proposal  Estimate 

Task  1 

Task  2 

Labor 

$9,685 

$4,814 

ODC’s 

$790 

$330 

$540 

Outside  Services 

$10,304 

$200 

$0 

Total  by  Task 

$20,779 

$4,020 

$5,354 

Total  Labor 

$17,989 

Total  ODCs 

$1,660 

Total  Outside  Services 

$10,504 

Total  Project 

$30,153 

Task  1:  Work  Plan  Development 

Task  2:  Vapor  Extraction/Bioventing/Air  Sparging  Pilot  Study 
Task  3:  Report  Preparation 
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